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November 15, 1888. 

Professor G. G. STOKFjS, U C.L., President, in the Gliriir. 

Tn pnrRuanee of the Statntes, notice of the ensuing Anniversary 
Meeting was given from the Chair. 

Mr. John Ball, Sir James Cockle, Ilr. Uaggiiis, Dr. Kae, and 
Mr. Symons were by ballot elected Auditors of the Trea.surer's 
accounts on the part of the Society. 

The Presents received were laid on the table, and thanks ord‘iid 
for them. 

The following Papei's were read ; — 

L “ CombuHtion in dri^jd Oxygoiu” By H. BrkRKTo.v Bakkii, 
M.A., I)ul\vi(*li Collogo, lute Scljolur of Balliol (’ollegt*, 
Oxford. Coniiiiuiiicated by Professor II. B. lllXON, F.K.S. 
Received July 4, 1888. 

(Abstim't ) 

In 1884 some preliminary experiments, published in the ' .Journal 
of the Chemiciil Socit*ty,* convinced mo that moisture exerted an 
important influence on the combustion of carbon. Since that time 
experiments have been made, not only with that element but with 
several others, and the same influence seems to be exerted on the 
combustion of some, while no sucli inflaeneo could be detected in the 
case of other elements. It was discovered very early in the investiga- 
tion that hydrogen, both free and combined, aided tlie union of eurbon 
with dried oxygen, and therefore for the now experiments on this and 
other elements, special attention was devoted to their purificatioii 
from hydrogen. It was found that two of these elements, amorphous 
phosphorus and boron, had, like carbon, a very great power of occlud- 
ing hydrogen. To eliminate it some of the olcmonts were heated in a 
current of pure chlorine, while others wei*o heated in soalcd tubes 
with the chlorides of the elements, special precautions heiug Luken to 
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free the purified elements from all iiwes <rf the agents used in their 
puriflcation* In this way the elements— ^rbon, sulphur, boron, and 
phosphonts, the latter in both red and yellow tno^fications — were 
fonnd to have their omnbattion influenced by the dryness of the 
oxygen. Some ebemieal union was fonnd to take place, the extent 
of which varied with the dryness of the snbstanoes. In no case, 
howeyer, did it manifest itself by flame. Ordinary phosphorus was 
obtained so pare as not to glow in the oxygen dried by phosphorus 
pentoxide, thongb the pressure was increased and diminished in every 
possible way. If water was added rapid combustion at once set in. 

The elements — selenium, tellurium, arsenic, and antimony — ^were 
purified with as much care as was expended on the elements men- 
tioned above. Their combustion was, however, not found to be 
affected in any way by tbo dryness of the gas. 

In the course of the investigation two facts were discovered about 
the combustion : (i) of amorphous phosphorus, and (ii) of charcoal 
m oxyiron. Amorphous phosphorus is generally regarded as being 
incapable of true combustion. It is asserted that before amorphous 
phosphorus can be heated to its kindling point, it changes into 
ordinary pbosphorns, which then burns. This has been proved not 
to be the ease. Amorphous phosphorus was heated in a current of 
nitrogen, free from traces of oxygen, to 260®, 278®, and 300®, in three 
experiments, without undergoing any change to the ordinary modifi- 
cation. If moist oxygen was substituted for tbo nitrogen combustion 
took place at 260®. It seems, therefore, probable that amorphous 
phosphorus undergoes a true combustion in oxygen without previous 
change to the ordinary modifi cation. 

With regard to the oombostion of carbon, it has always been a 
doubtful question which of the two oxides is first formed. Is carbon 
monoxide the first prodnet, undergoing further oxidation to the 
dioxide, or is carbon dioxide the first and only substaaoe formed ? 
The problem seems incapable of direct solution. It is, however, 
open to indirect attack. When carbon is heated in a oorrent of 
oxygen dried for a short time by phosphorus pentoxide, a dow com* 
bastion goes on, and, though the oxygen is in excess, both oxides are 
producod. The apioiint of monoxide, however, is twenty times the 
amount of the dioxide. Experiments also show that this ooonrs at 
temperatures at which dry carbon dioxide is not reduoed by carbon. 
The carbon monoxide must, therefore, be produced by the direct 
union of its elements, its further oxidation being prevented hj the 
dryness ol the gases. Confirmatoizy experiments were performed in 
which carbon monoxide was found to be produce^ by w slow oota- 
bustton of carbon in air at 44i0®, a temperature too low for the reduo* 
tion of the dioxide by carbon. It is probable that the ordiiuuy 
combustion of carbon goes on in two stages, that carton monoxide is 
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flivi prodaoed, ud, it cironouitanoei are fayoarabtot this is farther 
oxidised to oarbon dioxide. 


IL ** Ou the Mechanical Conditions of a Swarm of Meteorites, 
and on Theories of Coemofifony.” By G. H, Darwin, LL.D., 
F.ILS., Fellow of Trinity College and Plnmian Professor in 
the U4iTersity of Cambridge. Received July 12, 1888. 

(Abstract.) 

Mr. Lookyer writes in bis interesting paper on Meteorites* as 
follows : — 

“The brighter lines in spiral nebule, and in those in which a 
rotation has been set up, are in all probability dae to storeams of 
meteorites with irregular motions ont of the main streams, in which 
the collisions woald be almost nil. It has already been suggested by 
Professor G. Darwin (* Nature/ vol. 81, p. 25)^using the gaaeons 
hypothesis*- that in such nebnles * the great mass of tho gas is non- 
1 ominous, the luminosity being an evidence of condensation along 
lines of low velocity according to a well-known hydrodynamical law. 
From this point of view the visible nebula may be regarded as a 
luminoas diagram of its own stream-lines/ “ 

The whole of Mr. Lookyer’s paper, and especially this passage in 
it, leads me to make a suggestion for the reconciliation of two 
apparently divergent theories of the origin of planetary systems. 

The nebular hypothesis depends essentially on the idea that the 
primitive nebula is a rotating mass of fluid, which at sueoessive 
epochs becomes unstable from excess of i-otation, and sheds a ring 
from the equatorial region. 

The researches of Rochef (apparently but little known in tliis 
country) have imparted to this theory a precision which was wanting 
in Laplace's original exposition, and have rendered the explanation of 
the origin of the planets more perfect. 

But notwithstanding the high probability that some theory of the 
kind is true, the acceptance of the nebular hypothesis presents gi*eat 
diffloulties. 

Sir William Thomson long ago expressed to me his opinion that 
the moat probable origin of the planets was through a gradual 
aoereiion of meteoric matter, and the researches of Mr. Lockyer 
afford aotnal evidence in favour of the abund^ncy of meteorites in 
space. 

• <Kaliifv/ Nev, 17, 1887. T%a paper itmlf it in * Boy. Soe. Froo./ 16, 
1M7 (No. 869, p. 117). 

t <liIompiaiMr, Amd. SeL H«m.^ 
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TM yery escience of the nebntar hypothesis is the ooneeption 
of fluid pmsnre, since without it the idea of a figure of equiliMum 
becomes inapplioablo* Now, at first sight, the meteorio condition of 
matter seems absolutely inconsistent with a fluid pressure exercised 
by cne parrt ef the system on another. Wo thus seem driren either 
to the absolmte rejection of the nebular hypothesis, or to deny that 
the meteoric condition was the immediate antecedent of the sun and 
planets. M. Faye has taken the former course, and accepts as a 
necessary consequence the formulation of a s accession of events quite 
different from that of the nebular hypothesis.* I cannot myself find 
that his theory is an improvement on that of Laplace, except in regard 
to the adoption of meteorites, for he has lost the conception of the 
figure of equilibrium of a rotating mass of fluid. 

The object of this paper is to point out that by a certain interpre- 
tation of the meteorio theory we may obtain a reconciliation of these 
two orders of ideas, and may hold that the origin of stellar and 
planetary systems is meteoric, whilst retaining the conception of fluid 
pressure. 

According to the kiaelio theory of gases fluid pressure is the 
average lesultof tl^ impacts of molecules. If we imagine the mole- 
cules magnified until of the size of meteorites, their impacts will still, 
on a coarser scale, give a quasi-fluid pressure. 1 suggest then that 
the fluid pressure essential to the nebular hypotjiesia is in fact the 
resuUant of countless impacts of meteorites. 

The problems of hydiodyuamics could liardly be attacked with 
sucoess, if we were forced to start from the beginning and to consider 
the cannonade of molecnles. But when once satisfied that the kinetic 
theory will give us a gas, which, in a space containing some millions 
of molecules, obeys all the laws of an idea) non-molecnlsr gas filling 
all space, we may pat the moleoulea out of sight and treat the gas 
as a plenum. 

In the same a ay the diSioulty of tracing the impacts of meteorites 
in detail is insuperable, but if we can find that such impacts give rise 
to a quasi-fluid prossune on a laiige scale, we may be able to trace out 
many results by treating an ideal plenum. Laplace’s hypothesis 
implies such a plenum, and it is here maintained that this plennin is 
merely the idealisation of the impacts of meteorites. 

As a bare suggestion this view is worth hut little, for its acoepteitoe 
or rejection must turn entirely on numerical values, which can only 
be obtained by the consideration of some actual system. It is obvious 
that the solar system is the only one about which we J^ave sufficient 
knowledge to afford a basis for dtsousnion. The paper, of which this 
is an abstract, is accordingly devoted to a consideration of the 

• ‘Snr VOrigiuo du Moiide,’ Psrb, Oauthier-ViUsiv, 188i. * Annusiie pour I’sa 
liS6, BuNttu dot Longitudes/ p. 757. 
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meohaiuos of ft rnmi-m of meteorite*, with apecial nnmerioal applica* 
tion to the Rolar ayatem. 

When two meteoiio atones meet with planetary velocity, the strasa 
between them doring impact muat generally be anoh that the limits 
of trae elasticity are exceeded, and it may be urged that a kinetic 
theory ia inapplicable nnleaa the colliding particles are highly elastic. 
It may, however, 1 think, be shown that the very greatnesa of the 
velocities will impart what virtually amounts to an elasticity of a high 
order of perfection. 

It appears, d priori t probable that when two meteorites clash, a 
portion of the solid matter of each is volatilised, and Mr. Lockycr 
considers the spectrosoopio evidence conclusive tliat it is so. There 
is no doubt enough energy liberated on impact to volatilise the whole 
of both bodies, but only a small portion of each atone will undergo 
this change. A numerical example is given in the paper to show the 
enormous amount of energy with which wo are dealing. It must 
necessarily be obscure as to how a small mass of solid matter can take 
up a very large amount of energy in a small fraction of a second, bnt 
spectroscopic eridenoe seems to show that it does so ; and if so, we 
have what is virtually a violent explosive introduced between the two 
stones. 

In a direct collision each stone is pn>bably shattered into frng« 
meats, like the splashes of lead when a ballet hits an iron target. 
But direct collision must be a comparatively lure event. In glancing 
collisions the velocity of neither body is w'Lolly anestod, the con- 
centration of energy is not so enormous (although probably still 
safficient to effect volatilisation), and since the stones rub past one 
another, more time is allowed for the matter round the {loint of 
contact to take up the energy ; thus the whole process of collision is 
mneh more intelligible. The nearest terrestrial analogy is when a 
cannon-ball rebounds from the sea. In glancing collisions fractuie 
will probably not be very frequent. 

From these ai'gumento it is probable that, when two meteorites 
meet, they attain an effective elasticity of a high order of perfeotiod ; 
bat there is of course some loA of energy at each collision. 

[It mast, however, be admitted that on collision the deflection of 
pabli is rarely a very large angle ; bat a saccessiou of glancing colli- 
sions would be capable of reversing the path, and thus the kinetic 
theory of meteorites may be taken as not differing materially fi*oui 
that ol gases.*] 

Perhaps thp most serious difiiculty in the whole theory arises from 
the fraeturea which must often occur. If they happen with grtdot 
frequency, it would seem as if the whole swarm of meteorites won Id 
degrade into dast. We know, however, that meteorites of oousideiv 
* Added on Kovember 1888, 
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able Biee fnll upon the earth, and, nnlesa Mr. Lookyer baa mis- 
interpreted the Bpeetroacopio evidence, the nebulm do now oonmt of 
meteorites. Hence it would seem as if fraoture was not of very 
freqnont ooeurrence. It is easy to see that if two bodies meet with a 
given velocity the ohanoe of figure is much greater if they are targe, 
and it is possible that the process of breaking up will go on only until 
a certain Rise, dependent on the velocity of agitation, is reached, and 
will then become comparatively unimportant. 

When the volatilised gases cool they will condense into a metallic 
rain, and this may fuse with old meteorites whose snrfaces are molten. 
A meteorite in that condition will certainly also pick up dust. Thus 
there are processes in action tending to oounteract subdivision by 
fracture and volatilisation. The mean size of meteorites probably 
depends on the balance between these opposite tendencies. If this is 
BO, there will be some fi*actare8, and some fusions, but the mean mass 
will change very slowly with the moan kinetic energy of agitation. 
This view is at any rate adopted in the paper as a working hypothesis. 
It was not, however, possible to take account of fracture and fusion in 
the mathematical investigation, but the meteorites are treated as 
being of invariable mass. 

The velocity with which the meteorites move is derived from their 
fall from a groat dtstauoo towards a centre of aggregation. • In other 
words, the potential energy of their mutual attraction when widely 
dispersed bMomes converted, at least partiallyi into kinetic energy. 
When the condensation of a swarm is just beginning, the mass of the 
aggregation towards which the meteorites fall is small, and thus the 
new bodies arrive at the aggregation with small velocity. Henoe 
initially the kinetic energy is small, and the volume of the sphere 
within which hydrostatic ideas are (if anywhere) applicable is also 
small. As more and more meteorites fall in, that volume is enlarged, 
and the velocity with which they reach the aggpregation is increased. 
Finally the supply of meteorites in that part of space begins to fail, 
and the imperfect elasticity of the colliding bodies brings about a 
gradual contraction of the swarm. I do not now attempt to trace the 
whole history of a swarm, but the object of the paper is to examine 
its mechanic^ condition at an epoch when the supply of meteorites 
from outside has ceased, and when the velocities of agitation and dis* 
trihntion of meteorites in space have arranged themselvea into a 
Sttb<*pennanent condition, only affeeted by secular changes. This 
examination will enable us to understand, at least roughly, Uie secular 
change as the swarm oontraols, and will throw light an other 
questions. 

The foundation for the mathemaitioal invsatigatioa in the paper is 
the hypothesis that a number of meteorites which were ultimately to 
coalesce, «o os to fom thesun and planets, have falleu together from 
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a oondition of wide dispersion, and form a swarm in which collisions 
are ft^naot. 

For the sake of simplioitj, the bodies are treated as spherical, aiid 
in the first instance as being of uniform siso. 

It is Bssamed prorisionallj that the kinetic theory of gases may bo 
applied for the determination of the distribution of the meteorites in 
space. No acoonnt being taken of the rotation of the system, the 
meteorites will be arranged in concentric spherical layers of equal 
density of distribution, and the quasi-gas, whose molecules are 
meteorites, being compressible, the density will be greater towards 
the centre of the swarm. The elasticity of a gas depends on the 
kinetic energy of agitation of its molecules, and therefore in order to 
determine the law of density in the swarm we must know the dis- 
tribution of kinetic energy of agitation. 

It is assumed that when the system comes under oar notice, 
uniformity of distribution of energy has been attained tbronghout 
a central sphere, which is surrounded by a layer of meteorites with 
that distribution of kinetic energy which, in a gas, corresponds to 
convective equilibrium, and with contiunity of density and velocity of 
agitation at the sphere of separation. Since in a gas in convective 
equilibrium the law connecting pressuic and density is that which 
holds when the gas is contained in a vessel impermeable to heat, such 
an arrangement of gas has been called by M. Bitter* an isothermal- 
adiabatio sphere, and the same term is adopted here as applicable to a 
swarm of meteorites. The justifiability of these assumptions will be 
considered later. 

The first problem which presents itself then is the equilibrium of 
an isothermal sphere of gas under its own gravitation. The law of 
density is determined in the paper, but it will hei'e suffice to remark 
that, if a given mass be enclosed in an envelope of given indius, there 
is a minimum temperature (or energy of agitation) at which iso- 
thermal equilibrium is possible. The minimum energy of agitation 
is found to bo such that the mean square of velocity of the meteorites 
IS almost exactly f of the square of the velocity of a satellite graving 
the surface of the sphere in a circular orbit. 

As indicated above, it is supposed that in the meteor-swarm the rigid 
envdope, bounding isothermal sphere, is replaced by a layer or 
atmosphere in convective equilibrium* The law of density in the 
adiabaiio layer is determined in the paper, and it appears that when 
the ttothermal sphere has minimum temperature, the mass of the 
adiabatic atmosphere is a minimum relatively tef that of the isothermal 
w^xo. Numerical calculation shows, in fact, that the isothermal 
sphere cannot amount in mass to more than 46 per cent, of the maes 
cl the whole isothermal-adiabatic qihere, and"' that the limit of the 
* ‘ Amwlen der Phynk uud Ohsmie,' voL Ifi (1882 a 188. 
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adiabaiio atmosphere is at a distance equal to 2786 times the raditts 
of the isothermal sphere.* 

'It is also proved that the total energy, existing in the form of 
energy of agitotion, is exactly one-half of the potential energy lost in 
the oonoont ration of the matter from a condition of infinite dispersion. 
This result is brought about by a continual transfer of energy from a 
molar to a molecular form, for a portion of the kinetic energy of a 
meteorite is constantly being transferred into the form of thermal 
energy in the volatilised gases generated on collisiou. The thermal 
enoi'gy is then lost by radiation. 

It is impossible as yet to sum up all the considerations which go to 
justify the assumption of the isothermal-adiabatio arrangement, but it 
is clear that uniformity of kinetic energy must be principally brought 
about by a process of diffusion. It is therefore interesting to consider 
what amount ot inequality in the kinetic energy would have to be 
smoothed away. 

The arrangement of density in the isothermal-adiabatic sphere 
being given, it is easy to compute what the kinetic energy would be 
at any part of the swarm, if each meteorite fell from infinity to the 
neighbourhood where we find it, and there retained all the veloi'ity 
due to such fall. The variation of the square of this velocity gives 
an indication of the amount of kinetic onoi^y which has to be 
degraded by conversion into heat and distributed by diffusion, in the 
attainment of uniformity. This may be called ** the theoretioai value 
of the kinetio energy." It appears that in the swarm, this square of 
velocity rises from sero at the centre of the swarm to a maximum, 
which is attained nearly half-way through the adiabatic layer, and 
then diminishes. It is found that the variations of this theoretical 
value are inconsiderable throughout the greater part of the range. 
jSinoe this ** theoretical value of the kinetio energy " is sero at the 
centre, there must be difinsion of kinetio energy from without 
inwards, and considerations of the same kind show that when a 
planet oonsolidates there mnst be a cooling of the middle strata both 
outwards and inwards. 

W'e must now consider the nature of the criterion which determines 
whether the hydrostatic treatment of a meteor-swarm is permissible. 

The hydrodynamical treatment of on ideal plenum of gas leads to 
the same result as the kinetio theory with regard to any phenomeuou 
involving pnrely a mass, when that mass is a large multiple of the 
mass of a mole^e ; to any phenomenon involving purely a length, 
when the cube of that length contains a large number of moleonles; 
and to any phenomenon! involving pnrely a time, when that time is a 
large mnltiple of the mean interval between ooUisions. Again, any 

* This SB one of the results eeUblished by M. Ritter in a serin of papen in Use 
* Annulen der Fhysik and Gtiemie ' from IBTB onwards. 



18 S 8 .} Condition^ of a Swarm of 

Telooit; to be juntly deduced from bydrodynamioal principles must be 
expressible as the edge of a cube containing many molecules passed 
over in a time containing many collisions of a single molecule ; and 
n similar statement must hold of any other function of mass, length, 
and time. 

Beyond these limits we must go back to the kinetic theory itself, 
and in using it care must be taken that enough moleonles are con- 
sidered at onoe to impart statistical constancy to their properties. 

There are limits then to the hydrodynamical treatment of gases, 
and the like mast hold of the parallel treatment of meteorites. 

The principal question involved in the nebular hypothesis seems to 
be the stability of a rotating mass of gas ; bat unfortunately this has 
remained up to now an untonched field of mathematical research. 
We can only judge of pi'ohable results from the investigations 
which have been mode concerning the stability of a rotating mass 
of liquid. Now it appears that the instability of a rotatiug mass 
of liquid first enters through the graver modes of gravitotional 
oscillation. In the case of a rotating spheitiid of revolution the gravest 
mode of oscillation is an elliptic deformation, and its period does not 
differ much from that of a satellite which revolves round the spheroid 
so as to graze its surface. Hence, assuming for the moment that a 
kinetio theory of liquids had been formulated, we should not he 
justified in applying the hydrodynamical method to this discassion of 
stability, unless the periodic time of such a satellite wei*e a large 
multiple of the analogue of the mean free time of a molecule of 
liquid. 

Carrying then this conolnslon on to the kinetio theory of meteorites, 
it seems probable that hydrodynamical treatment must be inapplioahle 
for the discussion of such a theory as the meteoric-nebular hypo- 
thesis, unlesB a similar relation holds good. 

These oonBidarations, although of a vague oharacter, will afford a 
oriterion of the applioability of hydrodynamics to the kind of pro- 
blem suggested by the nebular hypothesis. And certain criteria 
suggested by this line of thought are found in the paper ; they give a 
measure of the degree of curvature of the average path pursued by a 
meteorite between two oollisions. 

After these preliminary investigations, we have to consider what 
kind of meeting of two meteorites will amount to an ** encounter " 
within the meaning of the kinetic theory. 

Is it possible, in fact^ that two meteorites can considerably bend 
their paths under the influenoe of giavitatioD, when they pass near 
one anoiherP This question is oonsidered in the^iaper, and it is shown 
ttiat unless the bodies have the dimensions of sm^ planets, the 
mutual gravitational infliuenoe is insensible* Benae, nothing short of 
i^bsolute impact is to be considered an encounter in the kinetic tb^ryi^ 
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and wlu>t is called the radios of ** the sphere of action " is simply the 
disiMoe bstvreea the centres of a pair when they grase, and is there- 
fore the som of the radii of a pair, or, if of nnilorm sise, the diameter 
of one of them. 

The next point to consider is the mass and sise which must be 
attributed to the meteorites. 

The few samples which have been found on the earth prove that no 
great error can be committed if the average density of a meteorite be 
tHken as a little less than that of iron, and I accordingly suppose their 
density to be six times that of water. 

Undoubtedly in a meteor-swarm all sizes co-exist (a supposition 
considered hereafter); for even if originally of nnilorm size they 
wunld, by subsequent fracture, bo rendered diverse. But in the first 
consideration of the problem they have been treated as of uniform 
size, and as actual sizes ai*e nearly unknown, results are given for 
meteorites weighing 3^ grams. From these, the values for other 
masses are easily derivable. 

It is known that meteorites are aotnally of irregular and angpilar 
shapes, but certainly no material error can be incurred when we treat 
them as being spheres. 

The object of all these investigations is to apply the formulm to a 
concrete example. The mass of the system is therefore taken as 
equal to tliat of the sun, and the limit of the swarm at any arbitrary, 
distance from the present snn*B centre. The theory is of course more 
severely tested the wider the dispersion of the swarm, and accordingly 
in a numerical example the outside limit of the solar swarm is taken 
at 44^ times the earth’s distance from the sun, or further beyond ibe 
planet Neptune than Saturn is foom the sun. This assumption 
makes the limit of the isothermal sphere at a distance 16, about half- 
way between Saturn and Uranus. 

In this case the mean velocity of the meteorites in the isothermal 
sphere is kilometers per second, being of the linear velocity of 
a planet revolving about a central body with a mam equal to 46 per 
cent, of that of the sun, at distance 16. In the adiabatic layer it 
diminishes to zero at distance 44|. This velocity is independent of 
the size of the meteorites. The moan free path between ooUteions 
ranges from 42,000 kilometers at the centre, to 1,300,000 kilometers 
at radius 16, and to infinity at radius 44|. The mean interval 
between collisions ranges from a tenth of a day at the eentres, to three 
days at radius 16, and to infinity at radius 44^ The criterion of appli- 
caUIity of hydrodynunies ranges from Tuitnr ^he distance of the 
asteri^ to at ildins 16, and to infinity at radius 4H* 

All these quantities are ten timea as great for meteorites of 
3^ kilos., and a hnndred times as great for meteoritm 8^ tonnes. 

From a oonsideration of the tables in the paper it appears that, 
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with meteoritM of 8^ kilos., the oolliFions are sufficientijr freqoeat 
eren beyond the orbit of Neptune to allow the kinetic theory to be 
applicable in the sense explained. But if the meteorites weigh 
tcmnes, the criterion ceases to be very small at about distance 24, 
and if they weigh 3126 tonnes they cease to be very small at about 
the orbit of Jupiter. It may be concluded then that, as far as 
frequency of collision is ooncemod, the hydrodynamical treatment of 
a swarm of meteorites is justifiable. 

Although the numerical results are necessarily affected by the con* 
jeetural values of the mass and density of the meteorites, yet it was 
impossible to arrive at any conclusion whatever as to the validity of 
the theory without numerical values, and such a discussion as the 
above was therefore necessary. 

1 now pass on to consider some results of this view of a swarm 
of meteorites, and to consider the justifiability of the assumption of 
an isothermal-adiabatic arrangement of density. 

With regard to the uniformity of distribution of kinetio enei^ in 
the isothermal sphere, it is important to ask whether or not sufficient 
time can have elapsed in the history of the system to allow of the 
equalisation by diffusion. 

It is shown therefore in the paper that in the case of the numerical 
example primitive inequalities of kinetio energy would, in a few 
thousand years, be sensibly equalised over a distance some ten times 
as groat as our distance fVom the sun. This result then goes to show 
that we are justified in assuming an isothermal sphere as the centre 
of the swarm. As, however, the swarm contraots the rate of diffusion 
diminishes as the inverae J power of its linear dimensions, whilst the 
rate of generation of inequalities of distribution of kinetio energy, 
through the imperteot elasticity of the meteorites, increases. Hence, 
in a late sti^ of the swarm, inequalities of kinetio energy would be 
set up, there would be a tendenoy to the production of convective 
currents, and thus the whole swarm would probably settle down to 
the condition of convective equilibrium throughout. 

It may be con jeotuted then that the best hypothesis in the early stages 
of the swarm is the isothermal-adiabatio arrangement, and later an 
adiidmtio sphere. It has not seemed worth while to discuss this latter 
hypothesis in detail at present. 

The same investigation also gives the coefficient of viscosity of the 
quasi-giss, and shows that it is so great that the meteor-swarm 
must, if rotating, revolve nearly without relative motion of its parts, 
other than the motion of agitation. But as the viscosity diminishes 
when the swarib oontracts, this would probalSy not be true in the 
laterstages of its history, and the central postion would probably 
rotate more rapidly than the outside. It forms, however, no part of 
the soi^ of this p^wr to oonsider the rotation of the system. 
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The rate of loan of kineUo mergj through imperfeot elMtieity is 
next considered, and it appears that the rate, estimated per unit time 
and volume, must vary directly as the square of the quasi-pressuie, 
and inversely as the mean velodly of agitation. Since the kinetic 
energy lost is taken up in volatilising solid matter, it follows that tlie 
heat generated must follow the same Jaw. Tlie mean temperature of 
the gases generated in any part of the swarm depends on a great 
variety of circumstances, but it seems probable that its variation 
would be according to some law of the same kind. Thns, if the spec- 
troscope enables us to form an idea of the temperature iu various parts 
of a nebula, we shall at the same time obtain some idea of the distri- 
bution of density. 

It has been assumed that the outer portion of the swarm is in con- 
vective equilibrium, and therefore there is a definite limit beyond 
which it cannot extend. Now a medium can only be said to in 
convective equilibrium when it obeys the laws of gases, and the 
applicability of those laws depends on the frequency of coUisioDH. 
But at the boundary of the adiabatic layer the velocity of agitation 
vanishes, and collisions become infinitely raic. Theae two proposi- 
tions are mutually destructive of one another, and it is impossible to 
push the conception of convective equilibrium to its logical conolusioi). 
There must, in fact, be some degree of rai'ity of density and of 
collisions at which the statistical treatment of the medium brealts 
down. 

I have sought to obtain some representation of the state of things 
by supposing that collisions never occur beyond a certain distance from 
the oentxe of the swarm. 

Then from every point of the surface of the sphere, which limits 
the region of collisions, a fountain of meteorites is shot out, in all 
asimutfas and at all inclinations to the vertioal, and wit!) velocities 
grouped about a mean according to the law of error. These 
meteorites ascend to various heights, without collision, and, in falling 
back on to the limiting sphere, cannonade its sur&uje, so as to oounter- 
balanoe the hydrostatic pressure at the limiting sphere. 

The distribution in space of Abe meteorites thus shot out is investi- 
gated in the paper, and it is found that near the limiting sphere the 
decrease in dendfty is somewhat more rapid than the decrease oorre- 
spouding to convective equilibrium. 

But at more remote distonces the decrease is leas rapid, and the 
density ultimately tends to vary inversely as the square of the dis- 
tance from the centre. 

It is dear that according to this hypothesis theenass of the system 
is infinite in a mathemaiioal sense ; for the ezistenoe of meteorites 
with nearly parabolic and hyperbolic orUts necessitates an infinite 
nuniber, if the loss of the system shall be made good by the supply. 
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But if we consider the snbjeot from a phjsioal point of yiew, this 
ooDolnsion appears nnol^'ectionable.* The ejection of moleonles with 
exceptionally high yelooities from the surface of a liquid is called 
evaporation, and the absorption of others is called condensation. The 
general histoij of a swarm, as sketched at the beginning, may then be 
put in different words, for we may say that at first a swarm gains by 
condensation, that condensation and evaporation balance, and finally 
that evaporation gains the day. 

If the hypothesis of convective eqnilibrinm be pushed to its logical 
conclusion, we reach a definite limit to the swarm, whereas if collisions 
be entirely annulltd the density goes on decreasing inversely as the 
square of the distance. The truth must clearly lie between these two 
hypotheses. It is thos certain that even the small amoniit of evapora- 
tion, shown by the formula derived from the hypothesis of no colli- 
sion, must be in excess of the truth ; and it may be that there are 
enough waifs and strays in space ejected from other systems to make 
good loss. Whether or not the compensation is perfect, a swarm of 
meteorites would pursue its evolution without being sensibly affected 
by a slow evaporation. 

Up to this point the meteorites have been considered as of uniform 
sise, but it will be well to examine the more truthful hypothesis that 
they are of all sizes, grouped about a mean according to a law of 

It appears, from the investigation in the paper, that the larger 
stones move slower, the smaller ones faster, and the law is that the 
mean kinetic energy is the same for all sizes. It is proved that the 
mean path between collisions is shorter in the proportion of 7 to 11, 
and the mean frequency of collision greater in the proportion of 4 to 3, 
than if the meteorites were of uniform mass equal to the mean. Hence 
the numer^pal results found for meteontes of uniform size are applic- 
able to non-uniform meteorites of a mean mass about a quarter grearer 
than the uniform mass ; for example, the results for uniform meteo- 
rites of 3^ tonnes apply to non-uniform ones of mean mass a little 
over 4 tonnes. 

The means here spoken of refer to all sizes grouped together, but 
there is a separate mean free path and mean frequency appropriate to 
each size. These are investigated in the paper, and their values 
illustrated in a figure. It appears that oollisions become infinitely 
frequent for the infinitely small ones, because of their infinite velocity, 
and again infinitely frequent for the infinitely large ones, becauM of 
their infinite size. There is a minimum ffwqueuoy of collision for a 

* [It iniitt be home in mind that the vny high relooitiet which ooour occaeioaally 
in a nwdinm with pmfBotly elaetio moleoulet, mutt b^psn with great mitj unongiit 
neteoritea. Ati impact of racb violence that it to gMeiate a hyparbedio relo- 
rity biU probably menly mom llrMura.-»Added Kevenfber 28, 198a] 
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oertain ftiw, alitHe loM in mdina than the mean radine, and eoneider- 
ably lees in mau than the mean maea. 

For infinitely email metemtee the mean free path reaohae a finite 
limit, equal to abont four times the grand mean free path ; and for 
infinitely laige ones, the mean free path becomes infinitely short. It 
must be borne in mind that there are infinitely few of the infinitely 
large and infinitely small meteoriteB. Variety of sise does not then, 
so far, materially affect the results. 

Bat a differenoe arises when we come to consider the different parts 
of the swarm. The larger meteorites, moving with smaller velocities, 
form a quasi-gas of less elasticity than do the smaller ones. Hence 
the larger meteorites are more condensed towards the centre than are 
the smaller ones, or the large ones have a tendency to fall down, 
whilst the small ones have a tendency to rise. Accordingly, the 
various kinds are to some extent sorted according to size. 

An investigation is made in the paper of the mean mass of meteo- 
rites at various distances from the centre, both inside and outside of 
the isothermal sphere, and a figure illustrates the law of diminution 
of moan mass. 

It is also clear that the loss of the system through evaporation must 
fall more heavily on the small meteorites than on the large ones. 

After theforegoing summary, it* will be well to briefly recapitulate the 
principal physical conclusions which seem to be legitimately deducible 
from the whole investigation ; in this ^recapitulation qualifications 
must necessarily be omitted or stated vrith g^at brevity. 

When two meteorites are in collision, they are virtually highly 
elastic, although ordinary elasticity must be nearly inoperative. 

A swarm of meteoric is analogous with a gas, and the laws 
governing gases may be applied to the diacussion of its mechaitical 
properties. This \\ true of the swarm, from which the sun was 
formed, when it extended beyond the orbit of the planet l^eptune. 

When the swarm was veiy widely dispersed the arrangement of 
density and of velocity agitation of the meteorites was that of an 
isothermal-adiabatic sphere. Later in its history, when the swarm 
had contracted, it was probably throughout in oonveoUve equUibrium. 

The actual mean velocity of the meteorites is determinable in a 
swarm of given mass, when expanded to a given extent. 

The total energy of agitation in an isothermal-adiabatjo q»bere is 
half the potential energy lost in the oonoentration from a conation of 
mflnite dispersion. 

The half of the potential energy lost, which does not reappeex as 
kinetic energy cf agitation, is expended in volatilising solid matter, 
and heating the gases produced on the iia{>aot of meteorites. The 
beat so generated is graduidly lost radiation. 

The amouat of heat generated per unit time and voloxnq variep as 
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ih# iqura of the quui-hydrostatio preMure, and inTOrsel j aa the mean 
velocity of agitation. The temperature of the gaaee volatilised pro- 
hMj varies by some law of the same nature. 

The path of a meteorite* is approximately straighti ezoept when 
abruptly deflected by a oollieion with another. This ceases to be trno 
at the outskirts of the swarm, where the collisions have become rare. 
The meteorites here describe orbits under gravity which are approxi- 
mately elliptic, parabolic, and hyperbolic. 

In this fringe to the swarm the distribution of density ceases to bo 
that of a gas under gravity ; aud as we recede fri>m the centre the 
density at Bret decreases more rapidly, and afterwards less rapidly 
than if the medium were a gas. 

Throughout all the stages of its history there is a sort of evapora- 
tion by which the swarm very slowly loses in mass, but this loss is 
more or less counterbalanced by condensatiou. In the early stages 
the gain by condensation outbalances the loss by evaporation, they 
then equilibrate, and finally the evaporation may be greater than 
condensation. 

Throughout the swarm the meteorites are to some extent sorted 
according to size ; as we recede from the centre the number of small 
ones preponderates more and more, and thus the mean mass con- 
tinually diminishes with increasing distance. The loss by evaporation 
falls principally on the small meteorites. 

A meteor swarm is subject to gaseous viscosity, which is greater 
the more widely diffused is the swarm* In consequence of this a 
widely extended swarm, if in rotation, will revolve like a rigid body 
without relative motion (other than agitation) of its parts. 

liater in the history the viscosity will probably not suffice to secure 
uuifonnity of rotation, and the central portion will revolve more 
rapidly than the outside. 

[The kinletio theory of meteorites may bo held to present a fair 
approximation to the truth in the earlier stages of the evolution of the 
system. But later the majority of the meteors must have been 
absorbed by the central sun and its attendant planets, and amongst 
the meteors which remain free the relative motion of agitation must 
have been largely diminished* These free meteorites — the dost and 
refhse of the system— probably move in olonds, bat with so Ijttte 
ftmaining motion of agitation that (except perhaps near the peri* 
twlicn of very eccentric orUts) it would scai^y be permissible to 
tfCBit the cloud as in any respect possessing the mechanical properties 
qf agas.]* 

The value of this whole investigation will appeal very different to 
diffsvent minds. To some it will stand condemned as altogether too 
speculative, others may tbink that it is bettoir ^to risk error iti the 
s Added Kovember SS, IBSS. ,, 
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ohanoe of winning truth. To me at least it appears that the line of 
thought flows in a true channel, that it may help to give a meaning 
to the observations of the speotrosoopisi, and that many interesting 
problems, here barely alluded to, may perhaps be solved with suflBcient 
completeness to throw light on the evolution of nebula and planetaiy 
systems. 


IIL ‘‘On the Secretion of Saliva, chiefly on the Secretion of 
Salts in it.” By J. N. Lakglet, M.A., F.R.S., Fellow of 
Trinity College, and H. Af, Flbtoher, B.A., Trinity College, 
Cambridge. Received August 17, 1888. 

(Abs track.) 

Heidonhain has shown that when saliva is obtained by stimulating 
the chorda tympani, the percentage of salts in the saliva depends upon 
the rate ot serrotion, so that the hister the secretion the higher the 
pei*oentage of salts is up to a limit of about 0*6 per cent. Werther has 
dome to the same conclusion, but finds that the percentage of salts 
may be as much as 0*77. Both in Heidenhain’s and in Wertheris ex- 
periments there are many exceptions to this rule, attributed by them 
to variations in the rate of secretion of saliva daring the time of 
collecting any one sample. 

We have repeated, with some modifications, the experiments of 
Heidenhain, paying especial attention to the rate of secretion of saliva, 
and find in 10 out of 11 cases, that his law of an increase in the per- 
orntage of salts with an increase in the mte of secretion h^ds. 
The single exception may be due to a modification of the blood-flow 
through the gland during the time of oolleoting the saliva. The 
slowly secreted saliva contains a low percentage of salts, whether it is 
produced by a weak nerve stimnlus, or by a very strong nerve 
stironlus which lowers the irritability of the nerve-fibres. 

We do not find any rate of secretion, b^ond which an increase in 
rate fails to increase the percentage of salts in the saliva. The iuore- 
ment in the percentage of salts decreases, however, with each equal 
suecessive increment in the rate of secretion. 

As a mle in saliva obtained by injecting piloearpin, the percentage 
of salts follows Heidenhain*s law; we take the exceptions to be due to 
the action ot piloearpin upmi the mroulation, the blood-flow through 
the gland being less than normally aooompanies the degree of stimula- 
tion of the gland cells. 

The percentage of salts in saliva obtained day stimnlating the sym- 
pathetio is higher than corresponds to its rate of eecretion, the saliva 
obtained by stimnlating the chorda bring taken as a ba^ of com- 
parison ; this sympatbetio saliva may be secreted at l^be me 
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of o&ordi mllth, mi yefc cotttMv vtory iMtiy as h\^ a {Mfoeotage of 

Mltf. 

Dyspnea# decreases the mte of seOretion of saliva with a given 
sUmniQB, and if not too prolongedi inomees the percentage of saltSt 
and tends to increase the percentage of organic snbstanoe in the saliva. 
This holds whether the saliva be obtained by stimnlating the chorda 
tynipani, or hj injecting pilooarpin. Dyspnoea has, for a short time, 
an after-action, tending also to increase the percentage of salts, and 
possibly that of organio sabstance. 

Clamping the carotid during secretion has the same general efFeot 
as dyspnoea, bnt it causes a still more marked increase in the per- 
centage of salts. Its after-effect is idso mnoh greater, and lasts longer. 

Bleeding has a similar effect to dyspnesa and to clamping the 
carotid, bnt its most marked effect is ah increase in the percentage of 
organio substance. 

Injectioh cf dilate salt solntion, NaCI, 0*2'to 0*6 per cent., in saffioienfc 
qnantity, considerably' increases the rate of secretion of saliva ; the 
pereentager of salts in the saliva decreases, although the rate of 
secretion of salts usually inoressos ; the percentage of organic sub- 
atanoe decreases; that is, increasing the volume of the blood with 
dilute salt solution ohiedy increases the rate of secretion of water. 

The percentage of salts in samples of saliva obtained after the 
injection of dilute salt solution, increases with the rate of secretion, it 
is only when these are obtained before the injection that a discrepancy 
in the normal relation between percentage of salts and rate of secre- 
tion of water appears. 

Injection of sodium carbonate 2 per cent, also increases the rate of 
sSbretion of saliva ; in this case the percentage of salts is about normal, 
the percentage of organio substance falls slightly only, i.e., the irrita- 
bility either of the nerve-fibres or of the gland cells is increased. 

InjectioDof considerable doses of potassium iodide, 1 per cent., after 
the sodium carbonate still allows arapid sectetiOn, bat tho percentage 
of salts 'falls. 

Injection of strong salt solution inoreases the percentage of salts in 
ssliva, this is in aooordanoe with the recent obaervations of Novi 
that the chlorine in the salts of saliva is increased for a given mte of 
•teretion by inoOMSing the*percentajge of sodium chloride in the blood. 
We find, however, that in the case of on injection of strong salt solutidn 
into the blood which leovts the secretory power of thb gland nn- 
offseM, the inereese in the percentage' of sAlts is nittoh grhater with 
sbwly than with rapidly secreted saliva, and thit when the seoretoiy 
pOwUrd the gload is affected by strong salt solution, On inoreaBe in 
the peresniOge of orgenio anhstaneO also takes place ; this and a part 
dfitoiaoMme in the percentage of salts' we attnbate to a deoroase of 
thobloed-flow through the gland. 

^ VOt. XL?. 
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Salira pradooed atimalatiiig tba ohorda tympaai, or by ii^jeotinf 
pilocarpin, after a smaU doae of atropin has been gireiky oontaina ir 
low percentage of organic aubstanoe and of aalte. ^ 

We, like Werther, find that anb-lingoftl aalira bae a conaiderablj 
higher percentage of ealta than mb-mazillary saliva. 

If Hthinm citrate, potasainm iodide, potasBinm ferrooyanide, and 
pilocarpin are injected into the blood, lithium can be detected iiwthe 
first drops of saliva secreted, potassium iodide after the first six drops ; 
l>otaBsiam ferroGjanido cannot be detected at any stage of secretion. 

The general result of these experiments is to show that the secre- 
tion of water, of salts, and of organic substance are difEerently 
affected by different conditions, and that the percentage composition 
of saliva is determined by the 'strength of the stimnlns, by the 
charaotcr of tbe blood, and by the amount of blood supplied to the 
gland. 

All or nearly all the arguments which have been adduced to prove 
that the secretion of organic sabstanoe is governed by special nerve* 
fibres, have their counterparts with regard to the secretion of salts, 
so that we might imagine at least three kinds of secretory fibres to be 
present. The experiments, on the whole, indicate that this compli- 
cated arrangement does not exist, but that the stimulation of a single 
kind of nerve-fibre produces varying effects according to the vaji^ying 
conditions of the gland cells. 


IV. '^Observations upon the Electromotive Changes in ilie 
Mammalian Spinal Cord following Electrical Excitation of 
the Cortex C^brL Preliminary Notice." By Erakcis 
60TCH, Hon. M.A. Oxon, £,A., B.Sc. Lend., and ViOTOB 
Hobslsy, B.S., F.B.S., Professor of Pathology, University 
College, London. (From the Physiological Laboratory of 
the University of Oxford.) Received August 27, 1888. 

[PUlTll.] 

Hitherto pathologists have attempted the analysis of the epilep^ 
convulsion by the graphic method, that is, by recording the spiunnodio 
contractions of the muscles involved. Recent investigationa of this 
kind have shown that the excitation of the cortex cerebri, whether by 
electrical or ohemiosl means, or by the presence of certain patbo»„ 
logical states, neoplasms, inflammation, Ac., is invariably followed in 
the higher mammals by a definite and oharaotpristio sequence of 
movements in the muscles. It is, however, obvious that sadb invest^ 
gations have up to the present succeeded in determining the oharaotM. 
of tbe neural distarbance only when this baa reached the peripbetal 
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terminaidonB of the efferent nerrea. Nov since the oxoitatoiy pro- 
oessee originating in the oortex are conducted bj the etferent ohannela 
in the spinal oord» presnmably the pyramidal tracts, the problem of 
their relationship to the centres of the balbo-spinal system cannot be 
determined by expemments which record the mechanical changes in 
the masoles. In order to ascertain what share respeotirely the centres 
in the cortex and those in the spinal cord have in the prodnctiou of 
the characteristic epileptic seqnence, the action of the latter must be 
eliminated. This can be done by investigating the nature of the 
excitatory processes in the cord when the efferent channels in the 
dorsal region for the lower limbs are made the subject for observa- 
tion. 

For this purpose we determined to obtain, if possible, evidence as 
to the nature of the excitatory processes of the epileptic convulsion iu 
the spinal cord, as shown by tapping” the cord and noting the 
electromotive changes which, as is well known, accompany functional 
activity in nerves. The results we have already obtained are so 
liarmonious and demonstrative, that we venture to make this prelimi- 
nary communication, reserving full details for a subsequent account. 

Part I. The Electromotive Change folloiting a Single Excitation of the 
Mammalian Nerve. 

Our first experiments were made for the purpose of ascertaining to 
what extent we could detect an electromotive change following a single 
excitation of a mammalian nerve. Since the discovery by du Bois- 
Beymond of the fact that the excitatory process in nerve is accom- 
panied by an electromotive change, the characters and time relations 
of this change have been investigated by various observers, notably 
by Bernstein, ‘Hermann, Hering, and Head. The general result of 
their observations is to show that the change following a single stimu- 
lus is of veiy short duration, so short that the galvanometer giv(*H 
little evidence of its presence, and the observers referred to were 
oonipelled to adopt the device first employed by Bernstein, which 
involves repeated excitation and conseqnent summation of effect, a 
method well known to physiologista as that of the repeating differ- 
ential rheotome. For onr purpose it was essential to obtaip evidence 
of the effect following one stimalus only, and this we were fortunately 
able to do by using a sensitive Lippmann’s oapillary electrometef of 
qnick reaction, made by Hr. 6. F. Burch, and belonging to Dr. Burden 
Sanderson, who kindly placed it at our disposal. This instrument, 
when the oapillary was magnified 400 times by the observing micro- 
scope, gave a perceptible response whenooiineoted through a resistance 
of 10,000 ohms for one-thousandth of a second with an electromotive 
^fferenoe of only 0*003 D. The amonnt of movement of the mert# 
qury was estimated by the divisions of a micrometer eyepiece, one* 

0 2 
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diyiaion of whkh indiooted oa aotoil moremenfc of of a milli- 
metre. After we had foand that the* eleotrometw, wbea oonxieeted> 
with the transverse and longitndinal sarfaoes of the soiatio nerve of 
the toad, showed a response of one division following the application 
of a single stimnlas, whether eleotrioal or meobanioal, we proceeded 
to the examination of the soiatio nerve in the rabbit, cat, and rooukef. 
For these experiments the animal was in every esse kept under the 
influence of ether, wbioh was maintained throughout the whole experi- 
ment, and the animal was killed before recovery. The soiatio nerve 
seemed for many reasons the most suitable of the mammalian nerves. 
It can be quickly prepared for 7 or 8 om. in length ; its nutrition is 
well preserved, since the arteria eome$ nem uchiadiei can be left nniiK 
jnred, and its diameter lesseue the dangers of drying. 

The nerve, having been rapidly prepared and bathed in warm saline 
solution, d'6 per cent., was ligatured low down in the thigh, the liga- 
ture inelnding the popliteal trunks. It was then divided on the 
peripheral side of the knot, and lafsed in air so as to be at right 
angles to the limb. One kaolin pad of a non-potarisable electrode 
was applied to the ont end, and another to the longitndinal surface at 
a diatoce of rt5 om. A pair of sheathed exciting platinum electrodes 
2 mm. apart, was then applied to the trunk of the nerve 6 cm. 
centrally from tho nearest leading-off electrode, i.e., opposite the 
■oiatio notch. The exmting siimulns was obtained by the break of 
the ourvent of a single Oallaud oell supplying the primary tx>il of a 
du Bois-Reymond inductorium graduated by Kroneoker. The break 
shock produced iu the secondary coil by this mesas was so feeble as 
to be barely perceptible on tho tip of the tongue when the secondary 
ootl oompletely covered the primaiy. The break w»s ufiected by the 
spring rfaeotome, which npened a fixed key at a definite point in its 
course. The electrometer was connected with the non-po1arisab)e 
electrodes by a circuit which included the usual compensator. By 
means of a switch the electrometer could be out out, and the oirenit 
made to.inolnde a high resistance galvanometer, which also revealed 
the single variation. The two instruments could be thus readily com- 
pared. The excursion of the mercury of the electrometer was ascer- 
tained both by direct observation in terms of the divistons of the 
micrometer eyepiece, and by photographing the projected capillary 
upon a moving sensitive plate; in the latter case the capillary was 
magnified 1(M> times. The reeuUe of our observatioDS are briefly as 
follows r— 

The mammalian nerve showed a wellvmarked difbrenoe or demav- 
caHon ourrent, that is to say, the eleeltode upon the longitaduial 
surface was notably positive to that on the ont and. The movement 
nl the meroury oomaponding to this difference amounted in some 
oases to 80 divisions of the micrometer, and is shown in fig. 1 pro- 
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jeoted upon tbe plate. lie B.M.V. was from about 0*01 to 0^16 D. 
The pasBage o! the single break iadnotion shook throngh the platinum 
electrodes in either direction was followed by a small quiok movement 
of the menmry, which was inTariably in the opposite direction to 
that prodnoed by tbe demarcation onrrent. Its amount taried in 
different animals foom 1 to 2‘5 divisions of "the micrometer eyepiece, 
and it is shown as photographed in fig. 1 and fig. 2. After severing 
the nerve from the bnlbo-spinal system above the exciting electrodes, 
the same effect was obtained ; its character, as shown by the movement 
of tlie mercury was, however, different, being as we believe mnoh 
shorter in duration and less in amount. But our experiments not 
being directed to tbe eluoidstion of this point, we will not speak 
positively with regard to it. After a time, varying in different cases 
from twenty minutes to three-quartets of an hour, the effect was no 
longer visible. This movement of the mercury may be conceivably 
due to the three following factors, working singly or in eo-opera- 
tion 

(A.) Escape of the exciting induction onrrent (tmi-polar). 

(B.) Eleotrotonio change. 

(C.) The true excitatory variation of the nerve. 

(A.) That it was not due to any escape of the indnotion current is 
shown by tbe following facts 

(1.) The variation was produced by the very weak induction 
currents, such as those obtained when the Helmholts wire is used, 
and its character did xiot vaij with increasing strength of the 
current. 

(2.) It was no longer perceptible when the nerve was ligatured 
between tbe exciting and leading-off electrodes. 

(3.) As the nerve gradually died the effect became less, and was 
no longer perceptible when tbe nerve was severed from the animal 
and left for three-quarters of an hour. Jioreover, when tbe nerve was 
indifferently pi^>ared the variation was absent, or else very small and. 
transient. 

(4.) The effect remained visible when tbe electrometer was short 
cixvnited for second after the break of the exciting key. 

^B.) That it was not due to eleotrotonio change Is shown by the 
following additional fimts 

(1.) The direction of the effect was always the same, that is, 
opposed to that of the demarcation current whatever the direction of 
exciting onrrent. 

(2.) When the exciting electrodes were ehifted to within a centi- 
metre of the proximal leading-off electrode^ an effect was produced, 
the' direction of which was dependmit upon that of the exciting 
'onrmt (fig. 3). This effect differed fxwm that of the true variation 
in other partienlaTS, vis., its auionnt was dependent upon tbat of the 
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exciting current, it could bo obtained after Hgatoro of the nerre^ and 
when thus obtained its character, as shown by the morement of the 
’^electrometer, was unlike that of the excitatory variation, both to the 
eye and in the photogiaph (compare figs. 1, 2, 3, Plate 1). 

(3.) An exonrstoii similar to that we are considering could be pro- 
duced by mechanical eiditation. 

There is thug no doubt that the movemeut we obtained and 
photographed was due to the electromotive change which accom- 
panies the propagation of an excitatory state along the mammalian 
nerve when this state is evoked by the application of a single 
stimnlns. 

Having thus assured ourselves of the accuracy of the method, we 
now proceeded to ascertain whether the instrument would reveal the 
existence of similar electromotive changes if it was connected with 
the nerve or with the spinal cord, and an epileptic convulsion pro- 
duced by excitation of the cortex cerebri. 

Part II. EmcitaJtion of the Cortex Oerehri. 

A. Mixed Spinal Nerve cmnected toitk the Electrometer.-^ In two 
cases we have connected in the manner described in Part T the 
sciatic nerve with the electrometer, and have then exposed by a 
small trephine opening the so-called motor cortical centre for the 
lower limb. This we then excited by a vety weak but adequate 
faradio current. So far, however, we have not been able to detect 
any movement in the mercury, although the musoles of the investi- 
gated limb supplied by the anterior crural nerve were thrown into a 
state of active convulsion. It is probable that the character of the 
neural disturbances in the mixed nerve may be best studied by 
investigations which we shall shortly undertake npou the electro- 
motive changes in the muscles. 

B. The Spinal Cord connected with the Electrometer . — The experi- 
ments, the results of which are now to be briefly detailed, were made 
in the following manner 

The spinal cord of the etherised animal (oat and monkey) was 
exposed in the lower dorsal region for about 4 cm,, and as low down 
as the upper end of the lumbar enlaTgoment, Great care was taken 
by bathing with warm saline to guard as much as possible against 
the dangers of error due to cooling and drying. The dura mater 
having been split longitudinally, a strong thread was passed round 
the spinal cord at the lower limit of the part exposed. It was tied 
firmly and the cord divided below the knot. By suooessiva division 
of the two or three roots exposed in the interverteWl fbramins, the 
cord was easily raised from the neural canal and suspended in the air 
without any great interference with the circulation in the longitudinal 
vessels. ^ ^ 
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One of tbe non^polarisable electrodes was then brought into contact 
with the cut end of the cord and tbe knotted ligiitnre, while the other 
was oonneoted with the longitudinal .surface of the cord 2 om. from 
the cut end bj meana of soft thread cables soaked in saline aolntion 
and tied loosely round tbe cord. In one experiment the connexion 
was with one lateral column only, hfoss movements of the elec- 
trodes upon the spinal cord were suitably guarded against, though 'it 
was found that the cord might be shaken without producing any 
efleot in tbe electrometer. 

On connecting these electrodes with the electrometer a consider- 
able electromotive difference was found to exist between the oontaotr, 
the excursion of the mercury being so great, i.e., beyond the field oi 
the microscope, that its amount could not bo estimated in terms of 
the micrometer eyepiece. The out surface was always negative to the 
longitudinal surface, and the amount of the difference an estimated by 
the compensation method was about 0*02 D. It appeared to be highest 
when the section passed through the dorsal region without involving 
the lumbar enlargement. A difference between the surfaces of the 
cord has been previously observed by du Bois-Reymond. 

The cortex oerobri was now exposed and the exciting oirouit pre- 
pared. The inductorium previously employed was again used with 
one Oaniell cell in connexion with the interrupter of primary coil 
and the Helmholts side wire. The exciting electrodes had platinum 
points 2 mm. apart. 

The demarcation current having been compensated, and the electro- 
meter placed in connexion with the non-polarisable electrodes, the 
motor area for tbe lower limb was excited. The results of the obser- 
vations made upon four monkeys and several cats may be summed 
up as follows 

(1.) The application of the exoiting electrodes to the cortex was 
without exception only followed by a movement in the vlectrometer 
when the area of representation of the lower limb was touched, and 
this even when owing to prolonged exoitation of the arm area the 
upper limb was in violent epileptio convulsion. Wo found that when 
the exciting electrodes were moved over the surface of the brain the 
observer at the electrometer only gave notice of a movement in the 
instrument when the person exoiting had crossed the margin of 
representation of the limbs* This shows that eleotromutive changes 
in the cord sufficient to aflbet our instrument ocourred only when the 
motor area of the lower limb was excited. All error due to escape is 
tfauB set on one side, while at the same time this remarkable foot oon- 
fivmt tbe localisation of function. 

(2.) The exoitation of the motor area for the lower limb was 
aoQonipauied and followed by oharaoteristtb movements of the 
^€jb&ry (flpi. 4 6). The excitation by means of tlie interrupted 
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oitmnt nraally luted for two Moonde, that is ahoat 200 equl and 
alternately directed indnolion currents passed thnnq^h the excited 
tissne. During this period the meroniy showed an ezoursion opposed 
in direction to that of the difference between the longitadinal sarfaoe 
and cnt end of the cord. This excursion poroisted m long u tl)e 
exeitation luted, and ooased when this wu left off. Then aftnr an 
interval of from one to three seconds there ensued a riiythmical' 
Hucoession of exoursions each opposed in direction to the resting 
differenoe, some apparently single and others mnltiple. These luted 
from twenty to thirty seconds and Huddenly ceased. 

The exoursions varied in amount from one to about four divisions 
of the micrometer eyepiece, and their rate of occurrence wu too rapid 
to be correctly estimated by the eye. We therefore obtained photo* 
graphs of this rhytlimical effect, and of then we append two (ne 
figs. 4 and 5 ). The first of these (fig. 4) shows the electromotive 
change occurring in the spinal cord during a complete convulsion, in 
which may be distiugnisbed the first persistent stage parallel to the 
tonic stage of the mnscnlar epileptic oonvnlsimi and the second 
rhythmical series parallel to the clonic stage. 

They are both shown upon the plate, whioh in tibia instance 
took about twelve seconds in traveliing put the image of the 
capillary. 

The second photograph (fig. 5), taken on a qnickly travelling plate, 
shows the rhythmical stngo only. The rate of the rhythm is seen to 
vary, and the individual variations to become more proaonnoed u the 
rhythm slows, that is, towards the end of the fit. 

We have repeated this oheervation thirty or forty times, and feel 
onraelves justified in concluding that we have obtained evidence that 
during a cortical epileptiform discharge the electromotive changes in 
ths spinal cord are exactly parallel as regards the character of their 
sequence to the convalrions of the muscles u recorded by the graphic 
method. It remains to he stated that after removal of the cortex we 
have obtained an oilaot in the eleotrometer when the oorona radiata 
wu stimulated. This effeot wu only present dnripg the period of 
egeitation, no rhythmical after-effect ever being oburved. Its 
oharaoter wu prolonged, and neumhled the persistent eUge referred 
to above (see fig. C). 

In ooaolttsion, we 4x>nsider that since by the method wo have 
adopted the influence of the lumbar bnlbo-spinal oeatree is eiolnded, 
the existence of the epileptic rhythm in the donal regiou of the 
spinal owd points to its being almost entirely of oortical origin. 
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XXPLANATKyr OT PLATS 1. 

TIm «is ilgimt in th* plate ate itoiiinile dfawinge et photograplie. The aegatirn 
wen obtained hy projeoting tbe image of the capillary electrometer upon a narrow 
•litp behind which an extra rapid photographic plate travelled. The direction of 
movement waa such that the right hand aide of the print* oorreapoDds to the moment 
when the plate reached the clitt the figure* are thu* to be read from right to 
left. In order to save room, only the oseential part of the photograph*— ihnt 
showing the position of the meniscus of the mercury in the photograph— is shown. 
The lower darkfy toned part of each figure corresponds to the lighter pan of iht* 
negative, and indicates the part of the slit shaded by the mercury of the electro 
meter t an excursion of the mercury is thus indicated by an elevation or depression 
of the upper edge of the dark band. The regular series of dark and light bars 
on the edge of the figures were made by a vibrating shutter, each entire vibration 
of which occupied one-tenth of a seoond. 

Fio. 1.— Photograph showing two prominences, m and A, due to two excursions of 
the merouiy when first a make and then a break induction shock was 
led through the mammalian nerve, the cut end and surface of which were 
in connexion with the electrometer 6 cm. from the point of excitation. 
The arrows indicate the direction of the exciting induction current through 
the nerve, and the effect is seen to he independent of this direction. At 
the point marked * the electrometer was short circuited, and the move- 
ment of the mercury due to the cessation of the demarcation current effect 
is thus shown. The excursions at la and ft are seen to be opposed in direc- 
tion to that produced by the demarcation current. 

Fia« — Photograph showing the excitatory variation effect in nerve. In this case 
the nerve of the monkey was severed from the body, connected as in fig. 1 
with the electrometer, and excited six times by means of induction shocks 
of different character and direction. The excitation ooouripd at make m 
and break ft, and the direction of the induction shock— whether t, ascending, 
or t, descending — is indicated. The effect is seen to be always in the same 
direction, being opposed to that of the demarcation current, and such that 
the electrode on the longitudinal suribce becomes negative to that on the 
cut sectiOD. The rate of movement of plate was the same as in fig. 1. 

Fm. 3.— Photograph iliustrating the effect piwduoed in the electrometer when 
there is a slight escape from the exciting electrodes into the electrometer 
electrodes. The effect wae produced by using a severed nerve, which no 
longer gave any obvious exottatory response to electrical excitation. The 
exotting electrodes were placed upon such a nerve at a veiy short distance 
(1*3 oin*) from the neamst leading off electrode, vis., that upon the longi- 
tudinal surface. The direction of the effect is seen to depend upon the 
direction of the induction shook as produced by make ta and break ft of tbs 
primary oirouit of the induction apparatus. T^ character of the excursion 
is markedly different to that riiowv in figs. 1 and 3, being much more 
abarupi. The rate of movement of plate was the same as in fig. 1. 

Fin. 4.— Photograph showing the effect produced in the eUotrometer when this 
is oonneoted by one pole with the longitudinal and by the other with the 
seettoDAh surfiioe of the spinal oord of the monkey, and the corfen eervftri 
then exoitod over the inotor area for the lower limbs by means of the 
faradio eurtent. The excitation eommenoed at a and oaased at e. It is 
■aen to be aoeompanied by an upward movement <of the msveuiy, shown by 
an dltoratioB t^ppsitioD eff ibg .daifit band, wbidb refahes a slightly 
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higher lorrl and romaini at this lerrl dimng the period of excitation, and 
then returns. The direction of ^be uiu^ement indicates that tlie longitu- 
dinal surface has bceotne nogatixe to the cross-section. This oorresponds 
to the persistent (tonic) muscular effect which is ofaaracterittie of the first 
stage of an epileptic fit. Froeooding from right to left, the cessation of the 
excitation is seen to be followed by a rhythmical series of excursions, which 
at first fiollow ono another in rapid succession, but are small in extent, and 
whioh subsoquently occur at longer intorrals, but are much more pro- 
nounced in character, until at d they suddenly erase. This oorresponds to 
the elonie stage of the epileptic convulsion. 

Kxo. 6. — The photograph sIioms Uio rhythmical (elonic) effect only. The 
recording aurfai'c was made to tmTol more rapidly past the slit, a marked 
rbylhiiiical ohsngc liaving been first evoked by excitation of the cortex. 
The plate was not allowed to commence its passage past the slit until six 
seconds after the excitation had ceased. The rhythm is thus seen to great 
advantage. As before, the upward movement of the mercury, as indicated 
by the elevations of tlio more darkly toned parts, are due to electromotive 
changes in the cord such that the longitudinal surface of the cord becomes 
negative to the transverse section. 

FiO. G.— Photograph showing the effect obtained when, with the spinal cord con- 
nected as in the preceding with tlie electrometer, the oorttx cerc&ri ise 
removed and the corona radiaia excited by faradisation. The excitation 
coinnienoiHl at a and ceased at e. It is accompanied by an upward 
persistent movement of the mercury, shown in tlie photograph as an 
alteration of level, and corresponding in clianioter to the (tonic) effect 
produced dimiig the excitation of the cortex. On the cessation of the 
stimulus the effect subsides and is not followed by any rhythmical effect. 
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TranRaclions. 

Baltimore: — Johns Hopkins University. Circnlar. VoL VJI. 
Nor. 66-67. 4to. Baltimore 1888 ; Studies from the Biologieal 
Laboratory. Vol. IV. No. 4 8vo. Battimore 1888 ; Register. 
1887-88. 8 VO. Baltimore 1888. The University. 

Peabody Institute. Annual Report, 1888. 8vo. Baltimore, 

The Institute. 

Batavia : — Bataviaoseh Qenootschap van Kunsten en Weten- 
Bchappen. Notnlen. Deal XXVI. Aflev. 1-2. 8vo. Batavia 
1888 ; Tijdschrifb voor Indisobe Taal-, Land- en Volkenkunde. 
DeelXXXll. Aflev. 4 8vo. Batavia im. 

The Society. 

Koninklijko Natnurkundige Vereeniging in Ncderlandfloh-Indie. 
Natuurkundig Tijdachrift. Heel XLVIL 8vo. Batavia 1887. 

The Association. 

Berlin:— •Kdnigl. Akademie der Wissensohafton, Abhandlungen. 
1887. 4to. Berlin 1888 ; Politisohe Correspondeni Friedrioh*s 
des GhxiBsen. Bd. XVI. 8vo. j^er^lSSS. The Academy. 
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TraiiBactioiifi {ffmtinncd). 

PhysikuliHohe QeaellBchaft. Verbandlungen. Jahrg. YI. 8vo. 
Berlin 1887. The Societj". 

BoBtoii: — American Acadotnj of Arte and SoienceB. Memoirs. 
Vol. XL Parts 5-6. 4to. Caw 1887-88 ; Proceedings 
New Series. Vol, XV. Part L 8vo. Boston 188S. 

The Academy. 

Society of Natanil Histoiy. Memoirs. Vol. IV. Nos. 5-6. 4((». ‘ 
Boston 1888, The Society. 

Bi Onn Natnrforscliondor Verein. Verbandlungen, Bd. XXV. 

8 VO. Brunn 1887. The Verein. 

BruBselB : — Acad5mie Boyale de Mddecine de Belgique. Memoires. 
TomeVJII. Fasc. 4. 4to. Br«M;eZZe9l888; Momoiros Conronues 
Tome VIII. Faso. 5. 8vo. Bruxelles 1888. The Academy. 
Buffalo : — The Buffalo Library and its Building. 4to. Buffalo, N, 
1887. The Library. 

Calcutta ; — Asiatic Society of Bengal. Journal. Vol. LVl. Part 2. 
No. 4. Vol. XL VII. Part 2. No. 1. 8vo. 1887-88; 

Proceedings, 1888, Nos. 2-3. 8vo. Calcutta, The Society. 
Indian Museum, Catalogue of the Moths of India. Part 3. 8vo. 
OulcuUa 1888. The Museum. 

Cambridge, Mass. : — American Association for the Advancement of 
Science. Proceedings. New York Meeting. 8vo. Salem 1888. 

The Association. 

Harvard College. Mnsenm of Comparative Zoology, Bulletin. 
Vols, XIII. Nos. 9-10; XIV-XV; XVII, No. 1. 8vo. Cam- 
bridge 1 888. The Muscu m . 

Canada : — Royal Society of Canada. Proceedings and Transactions. 

1887. 4to. Mmtreal 1888, The Society. 

Edinburgh: — Royal Society. Transactions. Vol. XXXI. Vol. 
XXXIII. Part 2. 4to. Edinburgh 1888 ; Proceedings. Vol. 
XIV. 8 VO, Edinburgh 1888. The Society. 

Europe Oongr^s GSologique ntcrnntional. Compte Rendu. 3me 
Session. Berlin 1885. 8vo, Berlin 1888; Explications dea 
Excursions. 4me Session. Londres 1888. 8vo. Londi*€S; 
Reports of the British Sub-Committees on ClassiAcation and 
Nomenclature. 2i)d edit. 8vo. Oambridge 1888; Carte Oeolo- 
gique Internationale de TBurope, i euille 24 (C. IV.). 

Dr. W. Hauchecorne and Mr, Topley, P.R.S. 
— Kais. Leopold.- Carol. Deutsche Akademie der Natur- 
forsober. Vorhandlungeii. Vole. XLIX-LI. 4fio. Halle 1887 ; 
Leopoldina. Hefte 22—23. 4to. Halle 1886—87 ; Xatalog der 
Bibliothek. Lief 1. 8vo. HaUe 1887. The Academy. 

Hobart : * Royal Society of Tasmania. Papers and Proceedings. 
1887. 8vo. Hobat^ 1888. The Society. 
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TransaotioiiB ( •mtinneS), 
liondon : — Entomologioal Society. TranaaciionB. 1888. Part 2. 6to. 
London. The Society. 

Geological Society. Quarterly Jonmnl. Vol. XLIV. No. 176. 

8vo. London 1888. The Society. 

Institutioii of Oivil Engineers. Minutes of Proceedings. Vol. 

XCIII-XCIV. 8vo. London 1888. The Institution. 

Institution of Naval Architects. Transactions. Vol. XXIX. 

4to. London 1888. The Institution. 

Iron and Steel Institute. Journal. 1838. No. 1. Svo. London, 

The Institute. 

London Mathematical Society. Proceedings. Vol. XIX. Nos. 

817-320. Svo. London 1888. The Society. 

Physical Society. Procoodings* Vol. XI. Part 8. Svo. London 
1888. The Society. 

Royal Medical and Ghirurgical Society. Proceedings. New 
Series. No. 19. Svo. London 1888. The Society. 

Royal Microscopical Society. Journal. 1888. Parts 8-4. 8vp. 

London. The Society. 

Zoological Society. Proceedings. 1888. Parts 2-4. Svo. London, 

The Society. 

Naples: — Beale Aocademia delle Scienae Fisiobe e Matematiehe. 
Atti. Ser. 2. Vols. I-ll. 4to, Napoli 1866; Bendicontu. 
1887. Gennaio — Dicembre. 4to, Napoli. 

The Academy. 

P^ris Biblioihiqne dn Depdt de la Guerre. Catalogue. Tome. 

IV-V. 8vo. Parw 1886-87. M. le Ministre de la Guerre. 
Pesth ;-^Magyar Todomdnyos Acaddmia. Almanach, 1886, 1887 ; 
Archeaolc^iai £rtesit6, 1886, Kotet V. Sa4in 8-6. 1886, 
Xdtet VI. Sz4m 1-6. 1887, Kotet VII. Sz&m 1-2 ; Arohmolo- 
giai Kdzlem6nyek. Kotet XIV-XV ; Bulletin, 1885-86, 4-6 ; 
EmUkbesaidek. Kotet III. 8s4m 3-10. Rotet IV. Ssdm 1-5 ; 
firtekes^sek (Nyelvtudominyi). Kotet XII. Ss4m 6-12. K6tet 
XTII. SsAm 1-12; firiekaz^sek (Mathematikai), Kotet XI. 
Sz4m 10. Kotet XII. Szdra l-ll. KOtet XIII. Szdm 1-2; 
firtekez^sek (Tdrsodalmi). Kdtet VII. Ss^m 10. Kotet VlII. 
Sz4m 1-10. K5bet X. S^m 1 ; £rtdcez5sdc (Tennteettndo- 
mdnyi). Kotet XIV. Sadm 9. Kdtet XV. Ssdm 1-19. 
Kotet XVI. Szim 1-6. Kdtet XVII. Sz4m 1; firtekezdsek 
(Tortdnettudomdnyi). Kotet XII. Sz4m 8, 5-10. Kotet XIII. 
Sz4m 1-4. flrtesitdje. 1885, Ss4m 8-6. 1886, Szim 1-7. 
1887, Safan 1-8 ; Ethnologisohe Mittheilnngen. 1867, Heft 1 ; 
fivkOnyr. 1886 ; Mathematikai 4s Term^sz. £rtesit6. Kdtet 
III. Ffizet 6-9. Kdtet IV. Ftizet 1-9. Kdtet V. Fiicet 1-5; 
Mathematikai 4 b Teiro4BZ. Kdzlemd^yek. Kdtet XX. Kdtet 
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Transaotions 

XXI. 8»&m. 1-5. Maihemaitaobe and NatarvisiienBobaftlicho 
Beriohte. Bd. Ill-IY; Nyelvtadomdnyi E5zlem6nyek. Kotet 
XIX. FUzet 2-7. KOtet XX. Fiizet 1-2 ; (Tngarifiche Revue. 
1886, Hefte 8-10. 1886, Hoftc 1-7. With smidi';^ volumes on 
Literary, Political, and Historical subjects. 

The Academy 

Sydney: — Royal Society of New Sooth Wales. Journal and Pro- 
ceedings. Yol. XXI. 1886. 8vo. Sydney 18S8. The Society 
University. Calendar. 1888. 8vo. Sydney. The University 
Tokio; — Imperial University, College of Science. Journal. Yol. 11. 
Parts 1-3. 4io. Tokyo 1888| Mitteilungen ans der Mediciu- 
ischen Faoaltat. Bd. I. No. 2. 4to. Tokio 1888. 

The University. 

Seismological Society of Japan. Transactions. Yol. XII. 6vo. 
Yokohama 1888, The Society 

Vienna: — K.K. Zoologisch-BotanucheOesellsohaft. Yerhandlungeu. 

Jahrg. 1888. Hefto 1-2. 8vo. Wim, The Society 

Wellington : — New Zealand Institute. Transactions and Proceed- 
ings. Yol. XX. 8vo. Wellingtmi 1888. The Institute. 


Observations and Reports. 

Berlin : — Commission filr die Beobachtung des Venus- Durchgangs. 
Die YeuuB-Durchgaage 1874 und 1882. Berioht ttber die 
Dentsohen Beobachtungen. Bd. 111. 4to. Berlin 1888. 

The Commission. 

Kdnigl. Stemwarte. Berliner Astronomisebes Jabrbuch fur 1890 
8vo. Berlin 1888. The Observatory. 

Bordeaux: — Observatoire. Annales. Tome II. 4to. Bordeaux 1887 . 

The Observatory. 

Canada : — Oeologioal and Natural History Survey. Annual Report. 

1886. 8vo. Montreal 1887. The Survey. 

Cape of Good Hope : — Cape Observatory. Meridian Observations, 

1882-84. 8vo. London 1887; Axmals of the Cape Observatory. 
Yol. II. Part 2. 4to. [London'] 1886. The Observatory. 
Cordoba: — Ofioina Meteoroldgiea Argentina. Anales. Tomo YI. 

4to. RueiKM Airee 1888. The Office. 

Ghmnwioh Royal Observatory. Observations. 1886. 4to. London 
1888; Speotrosoopio and Photographic Results, 1886-87. 4to. 
Jiewbsi ; Aatronomioal Results, 1886. 4to. London ; Magnetical 
and Meteorological Observationa, 1886. 4to. London ; Rates of 
Chronometers on Trial for Purchase by the Board of Admiral^, 

1887, July 2, to 1888, January 2L 4to. London 1888. 

The Obaervatoiy. 
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ObnervationB, ftc. (caMh'nued). 

India: — Qreat Trigonometrioal Survey of India. Account of 
Operations. Vol. X. [Two copies.] 4to. Behra Dun 1887 ; 
General Report, 1886-87. Folio. Calcutta 1888. 

• The Survey. 

International Polar Expeditions. Pie Internationale Polarfor- 
Rcbung 1882-83. Beobaclitungs-ErgobniHse der Norwegischen 
Polarstation Bossekop in Alton. Tbiel II. 4to. Ohriitiania 
1888. The Meteorological Office. 

Kew: — Royal Goi^dens. Bulletin of Miscellaneous Information. 

No. 18. 8vo. London 1888. The Director. 

Kiel : — Com mission sur Untcrsncliung dor Deutschen Meore. 
Ergebnisse der Beobachtungsstationon. Jahrg. 1888. Hefte 
1-6. Obi. 4to. Berlin 1888. The Commission. 

Lisbon: — Obsorvatorio do Infante D. Lnis. Annnes. 1883-84. 
Folio. Lisboa 1886-87; Hamtdode do Ar em Lisboa. 1836- 
1880. Folio. Lisboa 1S88. The Observatory, 

London : — ^Army Medical Department. Report, 1886, 8vo. Lontlon 
1888. The Department. 

Stationery Office. Report on the Scientific Results of the Voyage 
of H.M.S. “ Oballenger.” Zoology. Vols. XXIII-XXVII. 4to. 
Lon^lon 1888. The Office. 

Marseiilos: — Commission MotA^rologique du D6partement dos 
Bouchea-da^Bhdne. Bulletin Annuel. Ann^ 1-5. 4to. Ifar- 
seille 1883-87. The Commission. 

Milan: — Reale Osservatoiio di Brera. Pubblicazioni. Nam. 33. 
4to. Milano 1888. The Observatory. 


Anderson (B. J.) Notes on Two Scapulas. 8vo. [London] 1888. 

The Author. 

Assier (A. d’) Note sur le Transformisme. 8vo. Foie [1888]. 

The Author. 

Berthelot (M.), For. Mem. R.S. Collection des anciens Aicbimistes 
Grecs. Livr. 2 4to. Pans 1888. The Author. 

Blanford (W. T.), F.R.S. The Fauna of British India, inolnding 
Ceylon and Burma. Part 1. Mammalia. 8vo. London 1888. 

The Author. 

Borchardt (C. W.) Gesammelte Werke. Heransg. von Q. Hettner. 

4to. Berlin 1888. The Berlin Academy. 

Brandis (Sir D.), F.R.S. Notes on Forest management in Germany. 

Folio. London 1888. The India Office. 

Bmce (A. T.) Observations on the Embryology of Insects and 
Arachnids. 4to. Baltimore 1887. 


Johns Hopkins University. 
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Garratliers (Her. G T.) The Planets upon Cardioidea. [Six copies.] 
4to. Boorkee 1888. The Author, 

Camana (A. A.) Bemains of an ancient Greek Building discovered 
in Malta in February, 1888. Folio. Vahtta. The Author. 

Cauchy (A.) (Euvi'cs Completes. S^r. J. Tome VI. 4to. Faritt 
1888. L* Academic des Sciences. 

Golenso (W.), F.B.S. Papers contributed to the Transactions of the 
New Zealand Institute. Vol. XX, 1887. 8vo. [WelUngtoiii\\ 
Anniversary A^di^ess to tbe Hawke's Bay Philosophical Institute. 
8vo. I{apier 1888, The Author, 

Doberck (W.) Telegraphic Determination of the Longitude of 
Haiphong. 8vo. London 1888. . Tlie Author 

Folmer (N.) B^bns sur la Lnmi^re, Tlmage et los Gouleurs Pris- 

matiqnoB. 8vo. Groningue 1888. The Author. 

Foster (M.), F.R.S. A Text Book of Physiology. 5th edit. Part 1. 
8 VO. London 1888. The Author. 

Galloway (W.) Shot-firing in Mines. Part 3. 8ro. [Cardiff] 1888. 

The Author. 

Gegenbanr (G.), For. Mem. B.S. Lehrbuch der Anatomie dcs 
Mensohen. Dritte Auilagc. 8vo. Leipzig 1888. Tbe Author. 

Hartig (R.) and Weber (R.) Das Hols der Rothbuohe. 8vo. Berlin 
1888, With fourteen Pamphlets in 8vo. and 4to,, by Prof. R. 
Hartig. Prof. Hartig. 

Hinde (G« J.) Spitsbergen Chert- Deposits. Sro. London 1888 ; Ou 
some New Species of Uzaiguaya, 8vo. London 1888. 

The Author. 

Jones (T. B.)* F.R.S. Notes on the Palicosoio Rival ved Entomobtraca. 
On some Silurian Ostracoda from Gothland. 8vo. [London] 
1888 ; Fifth Report of tbe Committee (British Association) on 
the Fossil Fhyllopoda of the PaUeozoic Rocks, 1887. 8vo. London 

[1888], Prof. Jones. 

Kempe (H. R.) Handbook of Electrical Testing. 4th edit. 8vo. 
London 1887. Tlio Author. 

Klein (F.), For Mem. B.S. Resolution de Tl^qaation du Vingt* 
Septidme Degi4. 4to. Parts [1888] ; with three other Excerpts 
in 8vo, The Author. 

KOlliker (A.), For. Mem. B.S. Die Entwicklung des Mensohlicheu 
Nagels. 8vo. Wurzburg 1888. The Author. 

KUstner (F.) Neue Methode sur Bestimmung der Aberrations- 
Constante nebst Untersuchungen iiber die Yerandorlichkeit der 
PolhOhe. 4to. PerZtn 1888. The Author. 

Lawes (Sir J. B.), F.B.S. Memoranda of the Field and other Experi- 
ments at Rothamsted, June, 1888. , 4to, London, 

Sir J. B. Lawes, Bart., F.R.S. 

Lemoiae (£.) and Vigari5 (£.) Note sur les £!15ment8 Broeardiens. 
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8ro. Paris 1888. With >ix Pamphlets bj M. B. Lemoine ia’8v6. 
and 4tto. M. Lemoioe* 

Mann (H.) Featnres of Society in Old and New England. Sm. 4to. 
^romdence 1886. The Author. 

Marinny (L.) Note 4 propos des Canaax de Mars. [Two 
copies.] 8vo, Pans 1888. The Author, 

Mensbrugghe (G. ran der) Qaolquea Mots snr ma ThA)rie dti Filage 
de r Haile. 8vo. Bruxelles 1888; Causerie sur la Tension Sapei**^ 
ficielle. 8va [^Bruxelles'] 1888. • The Author. 

Mueller (Baron F. von), F.B.S. Iconography of Australian Species 
of Acacia and Cognate Genera. Decades 9-11. 4to. Melbmmtx 
1888. • The Government of Victoria, 

Ormay (A.) Snpplementa Fautise Goleopterorum in Transsilvania. 
8 VO. Nagy^Sseben 1888, The Author, 

ParlatOre (P.) Flora Itatiana, continnata da T. Camel. Vol. VIII. 
Parte 1. 8vo. Firenze 1888. Prof, Caruel. 

Rhode (R. T.) A Practicable Decimal Syatem for Great Britain and 
her ColonicH. Svo. London 1888. The Author. 

Sberbom (0. D.) A Photograph of an Engraved Portrait of the 
Natundist Soldani. 8%'0.; Bibliography of tho Foraminifera, 
1865-^1888. Svo. London. Mr. Sherborn. 

Sylvester (J. J.), F.B.S. Lectures on the Theory of Beciprocanfs, 
delivered before rhe University of Oxford, 1886. 4to. [Baltimore,] 

The Author. 

Symons (G. J.), F.RS. British Rainfall, 1887, Svo. London 1888. 

Mr. Symons, F.R.S. 

Thomas (A. P. W.) Report on the Eruption of Tarawera and Boto- 
mahana, N.Z. Svo. Wellington 1888. The Author. 

Weyer (G. D. E.) Berechnung der Deviatiotf der Sohiffskompasse, 
Svo. Berlin 1888. The Author. 

Wolf (R.) Astronomischo Mittheilungen. Mai 1888. Svo, ZUrieh. 

Prof. Wolf. 


The Original IllnstFationa to Hewson’a work on the Lymphatic System. 

Folio. Dr. Addinell Hewson, Philadelphia. 

Bronse Medal, awarded by the Amsterdam Academy in Latin Verse 
oompeUtion. The Academy. 
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November 22, 1888. 

Professor Q. O. STOKES, D.C.L., Preeidcnt, in the Chair. 

In ponnance of the Siatntes, notice waa given from the Chair of 
the ensuing Anniversaiy Meeting, and the list of Officers and Council 
nominated for election was read as follows : — 


President . — Professor George Gabriel Stokes, M.A., D.O.L., LL.D. 

Treasurer . — John Evans, D.C.L., LL.D. 

a j • f Professor Michael Foster, M.A., M.D. 
Secre^ar^es.-^^^^ Lord Rayleigh, M.A.. D.C.L. 

Foreign Secretary . — Professor Alexander William Williamson, LL.D. 


Other Members of the OouneiL — Professor Henry EdVard Armstrong, 
Ph.D. ; Henry Bowman Brady, F.G.S.; Charles Baron Clarke, M. A.; 
William Hoggins, D.C.L. ; John Whitaker Halke, F.R.O.S. ; Pro- 
fessor John W. Judd, F.G.S. ; Edward Emanuel Klein, M.D, ; Pro- 
fessor E. Ray Lankester, M.A. ; Professor Herbert McLeod, F.I.C. y 
Sir James Paget, Bart., D.C.L. ; William Pole, Mus. Doc. ; William 
Henry Proooe, M.l.C.E. ; Sir Henry E. Roscoc, D.C.L. ; Edward 
John Ronth, D.Sc. ; Professor Arthur William Rucker, M.A. ; 
William James Lloyd Wharton, Capt. B.N. 


The Presents received were laid on the table and thanks ordered 
lor them. 


The following Papers were read 


I. ** On the Specific Heats of Gases at Constant Volume. 
(Preliminary Note./' By J. Jolt, M.A., B.E. Communi- 
cated by Professor G. F. Fitzukuald, F.B,S. Received 
July 21, 1888. 

I have found it possible to obtain the specific heat of a gas at con- 
stant volume by means of the steam calorimeter,* the values obtained 
being, I believe, reliable as^close approximations to the true values. 

* ** On the Method of Condensation in Oalorimetfy^’ (hy J, Jolj) " Roy. 6oo. 
Fioa,' vd. 41, p. 862 f and ** Ueber dai PampfoaloriiMter'* (yon R. Bunsen), 
* Wiadenuum’i Annalen,* vol. 81, p. 1. 

. voi».]av. 


n 



84 


Mr. J. Joty. Otithi v [Nor. 29, 

The first method of procedure adopted was to compress by means of 
a pump a certain quantity of dry air into a thin copper sphere, the 
sphere being then closed by a screw valve. The quantity of gas in 
the sphere is ascertained by weighing. 

The sphere is now hang in the calorimeter, suspended from a 
delicate balance, reading to one-tenth of a milligram, and its thermal 
capacity determined in a certain number of experiments. The gas is 
then released, and the sphere further exhausted by means of an air- 
pnrop, sealed, and its thermal capacity again determined in a number 
of experiments. This allows of a computation of the thermal capacity 
of the contained gas. 

This method 1 at first used, but as in dealing with the effect on the 
weighings, due to the transference of so bulky a body from air to 
steam, much troublesome calcnlation and risk of error was involved, 1 
modified it in the following manner : — 

Two spheres are prepared, alike with respect to external volnme, 
and approximately of the same weight. The thermal capacities of 
these are compared in a double calorimeter, being suspended one 
from each arm of a short beam balance. If their thermal capacities 
are not alike a calculated weight of copper wire is introduced into 
that of least thermal capacity. They are in this way brought to have 
the same thermal capacity, so that in an experiment on the empty 
spheres there is no effect on the balance. 

One of these is now pumped full of air, and the specific beats of the 
spheres again compared. The weight of condensation now obtained is 
that due to the gas alone. It is evident that many aouroes of error 
obtaining in the former method are removed in the latter. The 
results obtained are also far more consistent one with another. In this 
case the specific heat is calculated directly on the fonnnla given iu 
my paper on the steam calorimeter— 

® - wr^— <1)’ 

where X is the latent heat of steam, w the weight of steam condensed 
by the gas, W the weight of gas, and the extremes of tempera- 
ture obtaining. S so calculated may he subject to some slight correc- 
tions, which I will not here enter into. 

Up to the present I have only dealt with air, bat I have made pre* 
parations for resuming shortly my work, dealing with other gases, 
over critical temperatures if possible in some oases, and making con- 
firmatoiy experiments on air and also in extension of those given 
below. , 

The spheres used are about 67 cm. internal diameter; Tolume 
168'6 ac. They weigh about 92*2 grams. That containing the air is 
tested hydraulically to 1000 lbs. per square inch. 




ERRATUM, Nu. 273. 


P. 34, line 7. After the word balance, reference to Note on 
p, 36 omitted. 



1889.] Spedfie fleat» of Qatet at constant Volum. 


Tabl« I. 

Weight of Air in the Sphere = 5‘4816 grammoe. 
PresBiire at 100” 0. about 27,700 mm. of Meronry. 
w* 

Density = ^ sb 0*03458. 


No. 


<1- 

A. 

. . 

w. 

Sp. heat. 

1 

14*93 

100 '24 

680-3 

0-1630 

0-17016 

2 

ie -62 

100*17 

686*4 

0*1607 

0*17629 

8 

14*94 

100*16 

686 '4 

0*3647 

0-17706 

4 

16*28 

100*16 

686*4 

0-1613 

0-17068 

6 

16*18 

100*22 

686*4 

0*1660 

0-17835 

Moan 

0*17699 


Table II. 

Weight of Air in the Sphere = 4*3084 grammes. 
Presanre at IOC C. abont 21»800 mm. of Mercury. 
W 

Density » ^ « 0*027182. 


No. 

#1- 


A. 

w. 

Sp. heat. 

1 

16*10 

100*22 

686*4 

0*1194 

0*17672 

2 

15 *20 

100-88 

686-8 

0*1222 

0*17868 

a 

16-88 

100*88 

686*8 

0-1182 

0*17631 

4 

16-20 

100*16 

636*4 

1 0*1199 

0*17672 

5 

16*69 

100*12 

686*4 

j 0*1188 

0*17728 

Mean ...... 

0-17004 


Table 111. 

Weight of Air in Sphere = 3*1357 grammes. 
Pressure at 100^ G. about 15,890 mm. of Mercury. 

Density = ^ si 0*019784. 


No. 



X. 

w. 

8p. heat. 

1 

16*88 

100-07 

586-6 

1-0870 

0-17680 

2 

16*69 

100 «0 

586*6 

0*0863 

0*17508 

8 

16*48 

ioo-tm 

686*6 

0*0876 

0*17926 

Maaii 

0*17704 
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These, it is seen, afford a resalfe abor^ that theoreticallj assigned to 
air at constant Yolume (0'1684). They differ too somewhat from some 
experiments made by the first-described method, are somewhat lower 
than their moan, bat the oonsistency displayed thronghont in the 
thirteen experiments giren, especially in Tables I and II, leads me to 
give these numbers as probably a close approximation to the true 
value. One point is at any rate brought out clearly, that is, that the 
surmise that the specific heat of a gas at constant volume was a quan- 
tity independent of pressure — a surmise based partly on the constancy 
of the specific heat at constant prossnro— would appear to be correct. 
The values in the three tables, calculated simply on the weights of 
gss dealt with in each sot of experiments, show results quite inde- 
pendent of the great variations of pressure and density obtaining, 
the weight of condensation simply falling off with the decrease in the 
weight of gas, till in the third table w is beginning to feel the errors 
incidental to the considerable mass of the spheres and to give more 
variable results. I have prepared very thin light spheres with a view to 
continue the experiments to lower pressures with loss danger of error. 

The cause of the excess in the value obtained above the theoretical 
is not apparent, especially in view of the independence of pressure 
displayed. The experiments embodied in the three tables were made 
indeed upon the one sample of air — some being liberated after the 
first five experiments, and so on — ^bnt this had been dried through 
three calcium chloride tubes and two large U-tnbes of phosphorus 
pontoxide before passing into the pump. Between the pump and the 
sphere it passed tbrongli a brass tube stuffed with asbestos which 
had been previously heated to redness. The object of this is to guard 
against oil being carried from the pump into the sphere. 

My first determination of the specific heat of air at constant volume 
was effected on the 13th of April of this present year. It was 
made by the method described iu the beginning of this note, at a 
pressure somewhat higher than that at which the experiments of 
Table I were effected. This experiment gave as a result the specific 
heat of air to be 0*17565. 

Note. October 18. 

Subsequent more extended experiments have shown me that this 
condition was not absolutely fulfilled. A small reduction of the values 
recorded for the specifio heat of air is necessary on this account, but 
insufficient to affect any remarks made in this note. Successive 
experiments on the empty spheres, I may observe, ore sufficiently 
consistent one with another to warrant the assumption that the values 
jteoorded by me are not probably affected to the extent of one per 
cent, hy errors on the calorific capacities of the spheres. 
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II. “Report of Reaearchee on 8ili<5on Corapounda and their 
Derivatives. Part L” By J. Emerson Reynolds, M.D.» 
F.R.S., Professor of Chemistry, University of Dublin. 
Received September 27, 1888. 

The present investigation was undertaken some years ago with a 
view to examine the action of the silicon haloids — ^bnt more especially 
of silicon tetrabromido— on various compounds containing nitrogen, as 
our knowledge of the relations of silicon and nitrogen is extremely 
limited. 

It was ascertained at an early stage of the inquiry that the bromide 
of silioon is much superior to the chloride as a reagent with nitro- 
genised compounds, but since the bromide had apparently not been 
obtained in any quantity even by its discoverer, Sorullas, considerable 
time had to ho devoted to working out a method for the production 
of a sufficiently large supply of this material. 

In the pui'Ification of tho crude tetrabromido a new ekhrohromide^ of 
silicon was discovered, which boils at 141^ C. This proved to be tho 
compound SiClBrs, which was required to complete the series ot 
possible cblorobromides of silioon. 

The first group of nitrogen compounds subjected to tho action of 
silicon tetrabromide included the primary thiooarbamide or sulphur 
urea, obtained by tho author in 18<39, and the nllyl-, phenyl-, and 
diphenyl-thiocarbam ides* 

All these are shown to unite with silicon tetrabromide and afford 
tho highly condensed compounds — 

(H4N80S)8SiBr^, 

(C,Hfi,H,N,CS)eSiBr,. 

(C,H5,H3NgOS)88iBr4, 

((C,H.),H,N,OS)gSiBr*. 


These are more or less vitreous solids, with the exception of the 
allylio compound, which is a transparent and singularly risoons 
liquid. All ore dissolved and decomposed by water and by alcohol. 

The action >of alcohol on the compound (H 4 NgCS)gSiBr 4 , was 
studied in detail, and it is shown that not only do ethyl bromide, 
thiooyai^e, and dieihylio silicate result, but that the representatives 
of two new classes of thiooarbamide derivatives are formed. 

^ The ohlorlne required for the production of this compound tree derived from 
the emde hromine (which alwiys obtains chloride of broniae) need in prsparing 
the tetrahiumidfi. 
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The first of these is a beantifal tetrathiocarhavfdde compound, whose 
formula proved to bo 

(H,NgCS)4NBr, 

which may obviously be written 

(H4NaCS)4H4NBp. 

This body separates from alcohol in fine masses of ciystals resembling 
sea anemones in appearance, which melt at 173 — 174°, and begin to 
decompose at 178 — 180°. The synthesis of this substanoo was 
effected by heating ammonium bromide witli thiooarbamide. 

Several homologues of the above Mraihiocarhamidammimium hro- 
mide were produced by synthetic methods; some of these contain 
chlorine or iodine instead of bromine. . The following are examples of 
the compounds formed in the course of this part of the iuvestiga* 
tion : — 

(H4N4CS)4H4NBr, 

(H4N8CS)4H4N01, 

(H4N8CS)4H4NI, 

(H4N8CS)4(CH3)HaNBr, 

(H4NaCS)4(03H4)3HNCl. 

By the action of silver nitrate on the tetrathiocarbamidammonium 
bromide the crystalline dithioearhamide compound with silver bromide 
was obtained— 

(H4NgGS}3AgBr. 

This was subsequently produced by the direct union of thiooarbamide 
with the pure silver haloid. The compound — 

(H4N4CS)4AgCl 

was also obtained in fine crystals, as were other similar substances. 

A trithiocarhamide compound is also formed during the action of 
ethyl alcohol on (H 4 N 4 CS) 3 SiBr 4 , but it is much more soluble than 
that which first separates. It is also orystaltine, and its analysis 
and reactions lead to the formula — 

(HiNiCSlsBr.CjHiBr. 

Hitherto only mono* and di-thiocarbamido derivatives have been 
known ; but the results above stated in outline prove that tri- and 
tetra-thiooarbamide oomponnds are formed in presence of silicon 
tataalffoinide and certain other agents, which latter form addition 
products with the condensed amide. 
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So for, oaM were only dealt with in which nlioon tetrabromide 
combined with nitrogeniaed gronps without loss of its halogen. The 
next stage of the inquiry inrolved the investigation of certain inter- 
actions in which the tetrabzomide loses aU its halogen. One of the 
chief results obtained in that direction forms the subject of a sepa- 
rate communication which accompanies this Report. 


Ill, ** Preliminary Note on a Silico-organic Compound of a New 
Type ” By J. Emsirson Retnolds, M.D., F.R.S., Professor 
of Chemistry, University of Dublin. Received September 
27, 1888. 

The subject of this note is a flue crystalline substance, and is the 
first well-defined compound yet known in which we have reason 
to believe that silicon is in direct and exclusive union with the 
nitrogen of amidic groups. Its analysis and mode of formation lead 
to the conclusion that it is ailicotetraphenylamidef 


This body is produced when silicon tetrabromide (or the tetta- 
ohloride) is added to excess of aniline, dilated with three or four 
volumes of benzene. Aniline hydrobromate (or hydrochlorate) is a 
secondary product of interaction and separates, teing insolnblo ill 
benzene. If aniline be in excess throughout the operation, the whole 
of the halogen precipitates as aniline salt, and there remains in 
solution impure silicotetrapbeuylamide. If aniline be not in excess, a 
bromo-compound is obtained analogous to Harden's rather ill< defined 
chlorinated product . 

Distillation from a water-bath readily removes benzene from the 
Bolntion, and a liquid remains which solidifies after some time to a 
yellowish mass. The latter dissolves in warm carbon disulphide 
leaving a residue containing some thiocarbauilide, and cautious evapo- 
ration of the solution leads to the separation of magnificent crystals of 
the silicon compound. These form chiefly at the surface of the liquid, 
as they are specifically lighter than the solution. 

When twice reciystallisod from carbon disulphide, the substonoe is 
obtained in a state of purity.* 

* A laige quantity was prepared In June laet, and abeut 60 grami of the pure 

oompoand irere exhibited on September lltb, la SeotiiNi B, daring the meetiiig 
of the Britlab Aefoeiadon at Bath. 


^NH0.H5 
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The OTjstals of Biliooteiraphenjlamide are perfectly oolourleM short 
prisms of oonsiderable size. They melt at 136 — 137*^ to a transparent 
liquid, which can be heated to 210^ without decomposition. On 
cooling this liquid solidifies to a transparent glass which, like the 
original crystals, can be easily decomposed by water. 

If silicotetraphenylamide be heated under diminished pressure 
(about 80 mm.), it affords a distillate of aniline, and leaves a residue 
which seems to be the silicon analogue of earbodiphenylimide ; but 
the latter has not yet been completely analysed. 

The detailed inveRiigaiion of the new substance and its derivatives 
is in active progress, and promises to throw light on the hitherto 
obscure relations of silicon and nitrogen, 

I have reason to believe that the homolognea of aniline, and certain 
other analogous nitrogen compounds, act like excess of aniline on the 
silicon haloids, and produce substances similar to the sul^ect of this 
note. These reactions are also being investigated in my laboratory. 


IV. ** On the Magnetisation of Iron and other Magnetic Metals 
in very strong Fields.” By J. A. EwiNG, B.8o., F.B.S., 
Professor of Engineering in University College, Dundee, 
and William Low. Received October 29, 1888. 

(Abstract.) 

Early in 1887 the authors communicated to the Royal Society the 
results of experiments made by subjecting iron to strong magnetic 
force by placing the sample, in the form of a bobbin with a short 
narrow neck and conical ends, between the pole-pieces of an olootro- 
magnet. The experiments have been continned and extended by 
using much stronger magnetic forces and by testing samples of nickel, 
cobalt, and various steels, as well as wrought iron and oast iron. The 
large magnet of the Edinburgh University Laboratory, kindly lent 
by Professor Tait, was used throughout the experiments, and allowed 
the authors to effect a high ooncentration of the magnetio force by 
using bobbins the necks of which had a cross-sectional area of (in some 
cases) only of the cross-sectional area of the magnet cores. By 
this means the induction was raised to the following extreme 


values : — 

In wrought iron 45,350 o.g.R. 

„ cast iron 31,760 „ 

„ Bessemer steel 89,880 „ 

„ Vickers’ tool steel 85,820 „ 

„ Hadfiold’s manganese steel. . . • 14^790 „ 

„ nickel.^.^.*.. 21,070 „ 

„ cobalt 80,210 „ 
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Tha indnob'on waa measured hj means of a coil consisting of a 
ringla layer of veiy fine wire wound upon the central neck of the 
bobbin. Outside of this ooil, at a definite distance from it, a second 
coil was wound, and the magnetic force was determined in the annular 
space between the two. In a paper communicated to the Manchester 
meeting of the British Association, the authors showed that if the 
force so measured could be proved to have the same value as the 
magnetic force within the metal neck itself, it would follow that 
the intensity of magnetism | had begun to diminish under the 
action of excessively strong fields, in the manner which Maxwell's 
extension of the Weber- Ampere theory of molecular magnets antici- 
pates. In the present paper the authors discuss at some length the 
question of how far the magnetic force within the metal is fairly 
measurable by the magnetic force in the ring of surrounding air, and 
they show that with the form of cones originally used the force 
within the metal must have been less than the force outside, by an 
amount probably sufficient to explain the apparent decrease of 
The form of cone suited to givo a uniform field of force with sensibly 
the same value in the metal neck and round it is investigated ; and 
experiments are described in which the condition necessary for a 
uniform field was satisfied. The results of these experiments are 
conclusive in showing that no considerable change takes place in the 
value of I (in wrought iron) when the magnetic force is varied from 
about 2000 to 20000 c.g.s. units. Throughout this range of force, the 
intensity of magnetism has a sensibly constant value of about 1700 o.g.8. 
units, which is to be accepted as the saturation value for wrought 
iron. The term saturation may be properly applied in speaking of 
the intensity of magnetism, but there appears to be no limit to the 
degree to which the magnetic induction may be raised. 

To produce the greatest concentration of force upon the central 
neck, the converging pole faces should have the form of cones, with 
a common vertex in the middle of the nock, and with a semi- vertical 
angle of 54* 44^ This form, however, does not give a uniform field 
in the neighbourhood of the vertex. To secure that, the condition is 
that (PF/dy*, and d^F/ds* shall vanish, F being the magnetio 

force at the vertex, which is due mainly to the free magnetism 
distributed over the pole faces. The condition for a uniform field is 
satisfied when the cones have a semi-vertical angle of 39* 14'. When 
this form is given to the cones, the magnetic force in the air im- 
mediately surrounding the central neck may be taken as sensibly 
equal to the force within the neck, and it therefore becomes practio- 
able to measure the relation of the induction to the force producing 
it, that is to say, the magnetio permeability. 

The greatest attatmd>le concentration may be calculated by assum- 
ing the pole faces to be saturated, when the cones are such as to 
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hare maximnm concentratire power (semi^rertical angle » 54* 44^). 
Under these oircamstanoes the magnetio force at the vertex due to 
the free magnetism on the conical faces is — 

18,930 loftoi, 

(it 

where h is the diameter of the poles at the base of the cones, and 
a the diameter of the central neck. 

The following are probable valnes of the intensity of magnetism 
when saturation is reached in the particular metals examined : — 

Satiimtion 
value of |. 


Wrought iron 1700 

Cast iron 1240 

Nickel (with 0'75 per oent. of iron) .... 515 

Nickel (with 0*56 per cent, of iron) .... 400 

Cobalt (with 1*66 per cent, of iron) .... 1300 


Expekiments were also made with specimens of Vickers* tool steel, 
and other crucible steels, Whitworth’s fluid-oompreased steel, Bessemer 
steel, Siemens steel, and Hadfiold’s manganese steel. This last 
material, which is noted for its extraordinary impermeabilify to mag» 
netic induction, was found to have a constant permeability of about 
1*4 throughout the range of forces applied to it, namely, from 2000 
to nearly 10,000 o.g.s. 

The results are exhibited grapbioally by carves drawn in Rowland’s 
manner to show the relation of the permeability to the magnetio 
induotion. In the highest field examined, the permeability of wrought 
iron had fallen to about 2. 


y. “The Wares on a rotating Liquid Spheroid of finite 
EUipticity.” By G. H. Bbtan, B.A. Communicated by 
ProfesBor G. H. Darwik. Received November 6, 1888* 

(Abstract.) 

The hydrodynamioal problem of finding the waves or osoillations 
on a gravitating mass of liquid which when undisturbed is rotating 
as if rigid with finite angular velooity in the form of an ellipsoid or 
spheroid, was first successfully attacked by M. Poiuoari in 1886. 

In his important memoir “ Sur T^quilibre ^d'une Masse flnide 
anim4e d’nn Mouvement de Rotation,”* Foimoari has (§ 13) obtained 
the differential equations for the osoillations of rotating liquid, and 
* * Aota IfatheBEratke,* tol. 7. 
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flbown iliat by a tranafonnatioii of projection, the determination of 
the oBcitlations of any partionlar period is reducible to finding a suit- 
able solution of Laplace's equation. 

He then applies Lamp's functions to the case of the ellipsoid, show- 
ing that the differential equations are satisfied by a series of Lamp's 
functions referred to a certain auxiliary ellipsoid ; the boundary con- 
ditions, however, involving ellipsoidal harmonics referred to both the 
auxiliary and actual fluid ellipsoids. At the satne time, Poincare's 
analysis does not appear to admit of any definite conclusions being 
formed as to tho nature and frequencies of the various periodic frao 
waves. 

The present paper contains an application of Poincare's methods to 
the simpler case when the fluid ellipsoid is one of revolution 
(Maclaurin’s spheroid). The solution is effected by the use of the 
ordinary tesseral or zonal harmonics applicable to ibe fluid spheroid 
and the auxiliary spheroid required in solving the differential equa- 
tion. The problem is thus freed from the difiicnlties attending the 
use of Lamp's functions, and is farther simplified by the fact that 
each independent solution contains harmonics of only one particular 
degree and rank. 

By substitaiing in the conditions to be satisfied at the surface of 
the spheroid, we arrive at a single boundary equation. If we are 
treating the forced tides due to a known periodic disturbing force, 
this equation determines their amplitude, and hence, the elevation of 
the tide above the mean surface of the spheroid at any point at any 
time. If there be no disturbing force it determines the frequencies 
of the various free waves determined by harmonios of given order 
and rank. Denoting by c the ratio of tho freqnenqr of tho free waves 
to twice the frequency of rotation of the liquid about its axis, tho 
values of k are the roots of a rational algebraic equation, and depend 
only on the eooentrioity of the spheroid as well as the degi*eo and 
rank of the harmonic, while the number of different free waves de- 
pends on the degree of the equation in At any instant the height 
of the disturbance at any point of the snr&ce is proportional to the 
corresponding surface iu^monio on the spheroid multiplied by tho 
central perpendicular on the tangent plane, and is of the some form 
for all waves determined by harmonios of any given degree and tank, 
whatever be their frequenoy, but the motions of the fluid particles in 
the interior will differ in nature in every case. 

Taking first the case of zonal barmonios of the nth degree, we find 
that according as is even or odd there will be ^ or 4- 1), 
different periodic motions of the liquid. These axe essentially osoil- 
latoxyinofaaraoter, and symmetrioal about the axia of the spheroid. In 
all but tmeof these the value of c is essentially less unity, that is, 

the period is greater than the time of a semurervolntion of the liquid. 
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Tiding next tlie teseeral harmonios of degree n and rank we find 
that they determine n — ^ + 2 periodio smal] motions. These are 
esaentially tidal waves rotating with various angular velooities about the 
axis of the spheroid, the angular velooities of those rotating in opposite 
directions being in general different. All but two of the values of « are 
numerically less than unity, the periods of the corresponding tides at 
a point fixed relatively to the liquid being greater than the time of a 
semi-revolution of the mass. 

The mean angular velocity of these n + 2 waves is less than 
that of rotation of the mass by 2/{s(a s 4- 2)} of the latter. 

In the two waves determined by any sectorial harmonic, the relative 
motion of tho liquid particles is irrotational. The harmonics of 
degree 2 and rank 1 give rise to a kind of precession, of which there 
are two. 

1 have calculated the relative frequencies of several of the principal 
waves on a spheroid whose eccentricity is 1/ ^/2. 

The question of stability is next dealt with, it being shown that in 
tho present problem, in which the liquid forming the spheroid is sup- 
posed perfect, the criteria are entirely different from the conditions 
of secular stability obtained by Poincard for the case when the liquid 
possessos any amount of viscosity, which latter depend on the energy 
being a roinimnm. In fact for a disturbance initially determined by 
any hsrmonio (pi*ovidcd that it is symmetrical with respect to the 
equatorial piano, since for unsymmetrical displacements the spheroid 
cannot be unstable), the limits of eocontrioity consistent with stability 
are wider for a perfect liquid spheroid than for one possessing any 
viscosity. If we assume that the disturbed, surface initially becomes 
ellipsoidal, the conditions of stability found by the methods of this 
paper agree with those of Biemann. 

The oase when the elliptioity, and therefore the angular velocity 
are very small is next discussed, it being shown that all but two of 
the waves, or all but one of the oaoillations for any particular bar- 
monio become unimportant, their periods increasing indefinitely. 

In the case of those whose periods remain finite for a non-rotating 
spherical mass, the effect of a small angular velocity « of the liquid 
is to cause them to tom round the axis with a velocity less than that 
of the liquid by w/n. 

Finally the methods of treating forced tides are farther disoaiwed. 

The general oases of a semi-diurnal forced tide or of permanent 
deformations due to constant disturbing forces are mentioned in oon- 
nexion with some peculiarities they present, and (he paper ooneludes 
with examples of the determination of the forced tides due to the 
presence of an attracting mass, first when the latter moves in any 
orbit about the spheroid, secondly when it rotates uniformly about the 
spheroid in its equatorial plane. 
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The effects of snoh a body iu destroying the eqailibrium of the 
spheroid when the forced tide coincides with one of the free tides 
form the oonclusion of this paper. 


November 22, 1888. 
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1888. The Author. 

Pole (W.), F.R.S. The life of Sir William Siemens, F.H.S. 8vo. 

London 1888. The Executors of Sir W. Siemens. 

Wallaoe (B.) India in 1887. 8vo. Edinburgh 1888. 

The Author. 


Kovemher SO, 1888. 
ANNIVERSART MEETING. 


Professor G. G. STOKES, D.G.L., President, in the Chair. 


The Bepoii of the Auditors of the Treasurer’s Accounts on the 
part of the Society was presented, by which it appears that the total 
receipts during the past year, including balances carried from the 
preceding year, amounted to £25,125 18«. 6^. on the General Account, 
and £17,884 Os. 7d. on account of Trust Funds, and that the total 
expenditure in the same penod, including purchase of stock, amounted 
to £26,079 Os. 0\d, on the General Account, and £15,771 14s. 6d. on 
account of Trust Funds, leaving on the General Account an overdrawn 
balance of £953 Is. 6d., less £22 2s. lid. petty cash in hand, and on 
aooount of Trust Funds a balance at the Bankers’ of £2,112 6«. Id. 

The thanks of the Society were voted to the Treasurer and Auditors. 

The Secretary then read the following Lists : — 

Fellows deceased since the last Anniversary (Nov. 30, 1887). 


On (he Home List 


Burrows, Sir George, Bart., 
H.D. 

Campbell-Johnston, Alexander 
Robert. 

Outling, Thomas Blisard, 
F.B.C.S. 

Farre, Arthur, M.D. 

Franfoia de Chanmont, Francis 
Stephen Bennet, M.D. 

Frere, George Edward. 

Godwin, George, F.S,A. 

GeMe« Phifip Henry. 


Greenhow, Edward Headlam, 
M.D. 

Grioss. John Peter, F.C.S. 
Hoskins, Samuel Elliott, M.D. 
Key, Sir Astley Oooper, Admiral, 
G.O.B. 

Maine, Sir Henry Sumner, 
K.C.S.I. 

Morgan, Octavius S., M.A. 
Spratt, Thomas Abel Brimage, 
Tioe-Admiral, O.B. 

Stewart, Balfour, MA.. 



48 Annivmarif [Nov. 80. 

On the Foreign IM. 

Clausius, Rudolph Julius Emma- I De Bary, Anton, 
nuel. I Asa. 


Fellows elected since the last Annivorsaiy. 


Andrews, Thomas, F.R.S.E. 
Balfoar, Right Hon. Arthur 
James. 

Bottoroley, James Thomson, M. A. 
Boys, Charles Vernon. 

Church, Arthur Herbert, M.A. 
Clarke, Alexander Boss, Colonel, 
R.E. 

Greenhill, Prof. Alfred George, 
M.A, 

Jorvois, Sir William F. D., Lieut.- 
General B.E. 

Lapworth, Professor Charles, 


Macdonald, Right Hon. John 
Hay Athole. 

Parker, Professor T. Jeffery, 
Poynting, Pi'ofossor John Henry, 
M.A. 

Ramsay, Prof. William, Ph.D. 
Sudoley, Charles Douglas Rich- 
ard Haubnry-Tracy, Lord. 
Teale, Thomas Pridgin, F.R.C.S. 
Topley, William, F.G.S. 

Trimen, Henj*y, M.B. 

Ward, Professor Henry Marshall, 
M.A. 

White, William Henry, M.I.C.E. 


LL.D. 

On the Foreign List, 

Beoquerel, Edmond. j Pfliiger, Eduard F. W. 

Eopp, Hermann. | Sachs, Julius. 


The President then addressed the Society as follows : — 

• 

Ik the mouth which intervened between our lust anniversary and the 
end of the year, the Society lost four of its Fellows. In addressing 
the Follows last year, I referred to the loss which science had sus- 
tained through the death of the illustrious Kirohhoff, and before 
throe weeks were out, one followed him to the grave whoso researches 
ou the connexion between the emission and absorption of radiant heat 
and light were closely akin to those of KirefahofP. I refer to Balfour 
Stewart, who, shortly after landing in Ireland, whither he had gone 
to spend the Christmas with hts family, was suddenly carried off after 
only a few hours' illness, shortly after he hod entered on his sixtieth 
year. His name is widely known on account of his scientific work 
in heat, magnetism, and solar physics. He has been a member of the 
Council, and the Rumford Medal of the Society was awarded to him 
for the partioolar research to which I alluded at the outset. The 
other thm of our ordinary Fellows who died before the month waa 
out were all far advanced in yeara. Two of them were eminent in 
the medical world, Sir George Burrows and Dr. Arthui* Farre, both of 
whom served on our Council. Early in the year we loat one of our 



Prmdmtn Add/rtn^. 


49 


1888.} 

Fellows, who^ while not a man of science, was eminent in literature 
and jarisprudence. While onr ranks are mainly recruited from men 
of science, we gladly welcome among us men who, like Sir Henry 
Sumner Maine, have proved their ability and earned their distinction 
in other branches of knowledge, whose connexion with ns we look on 
as honourable to the Society, while, as the very fact of thoir joining 
US shows, they regard the Fellowship as honourable to thomselves. 
Admiral Sir Cooper Key, who was highly distingnished as a naval 
officer, and was at one time Director of the Royal Navai College at 
Greenwich, was another who served on the Council. Philip Henry 
Oosse, who died at an advanced age, is well known for his charming 
|>opular works on natural history. These are some of the Fellows on 
the home list who died since the last anniversary ; but, besides these, 
we have lost no less than three of onr foreign members. Professor 
Anton de Bary, so well known for his researches on the cryptogams, 
and the eminent naturalist, Professor Asa Gray, who not very long 
ago was over in this country, both died in January. Comparatively 
recently we have lost Professor Clausius, so eminent as a physicist, 
especially in the department of thermodynamics. 

The year of the Society, which terminates to-day, has shown no 
flagging in scientific activity. Since the last anniversary, thirty- three 
memoirs have been published in the ‘ Philosophical Transactions,’ con- 
taining a total of 1,010 pages and 91 plates. Of the ‘ Proceedings,’ 
nineteen numbers have been issued, containing 1,008 pages and 17 
plates. In addition to this, a Monograph of the Horny Sponges, 
by Dr. B, von Londenfeld, which was accepted for publication by the 
Council, and which when completed will extend to about 1,000 pages, 
is now nearly through the press. 

A large amount of work connected with the Library has been doue 
since the last anniversary. A special effort has been made to com- 
plete imperfect series of scientific periodicals, and by means of 
exchange, or by the generosity of onr corresponding Societies, some 
hundreds of deficient numbers have been obtained. The Lists of 
Institutions entitled to receive gratis the Philosophical Transactions ’ 
and * Proceedings ’ have also ^en carefully revised by the Library 
Committee. 

In December last, Mr. Arthur Soper was engaged as a special 
Assistant to continue the formation of the Shelf-Catalogue, and the 
rniaion of the Catalogue of MSS., and for other work. The Shelf- 
Catalogue of the Upper Libraiy is now completed — a work involving 
the re-arrangement or removal to the lower storeys of several thou- 
sands of volumes. Considerable progress has been made in collating 
and oatadpguing the Archives and other msnnsoripts belonging to the 
ScMdety, and an instalment of slips have been written towards a 
Ostotbgpse of the Miseellaneoas Literature in the Libraty. 

JOI.. XLV. B 
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In tb« oonne of this work many duplicate eoientifio books, and 
literary works of little Talne to the Society, have been thrown oui^ 
and tliese have been presented, by oi*der of the Connoil, ip the 
libraries of the UniversitieB and some of the chief Soientifio Societies. 

The catalo^ning of the titles of scientific papers for the decade 
1874 to 1883 is now complete, and the work is ready for the press. 
The amount of matter is estimated to require, if printed, three quarto 
volumes of the usual size. The extraction of the titles, the preparation 
of the work for the pi*eBa, and the correction of the proofs of this 
work, which is really of international importance, have all along been 
done at the solo charge of the Uoyal Society ; bnt the printing of the 
volumes which have already been published has been done at the 
Stationery Office, by authority of the Lords of the Treasury, and the 
proceeds of the sale have been paid in to the Treasury. The Council 
have applied to the Lords Commissioners of Her Majesty's Treasury 
to siinction the printing of the last decade in a similar manner, and it 
is hoped that the application may be favourably entertained. 

Ill the year 1882 a change was made in the amount and mode of 
administration of the Grant, which for a considerable time before had 
been voted annually by Parliament for soientifio research. Since 
that year the annual grant has been one of £4,000, which has been 
administered by the former Qorernment Grant Committee, with the 
addition of certain members, mostly the Presidents of certain 

scientific Societies. Meetings of this large Committee, consisting 
usually of about 50 members, have been held twice a year, the 
various applications for aid from the Grant to enable the applicant to 
carry out investigations explained by him having been previously 
discussed in meetings of three, or latterly two, Sub* Committees, into 
which the whole Committee was divide^ and then been submitted 
to the General Committee for confirmation or modification. 

In the discussion of these Grants, the Government received the 
benefit of the gratuitous services of a large number of men of the 
highest distinction in science. In the large Sub-Committees, how- 
ever, it necessarily happened that of the members present only a 
fraction would be likely to be conversant with the particular broneh, 
of science to which any particular application belonged; and the 
Council thought that the time of the members might ho economised, 
and at the same time a more efficient disousaion of the Grants secured, 
by arranging the applications under a number of sub-divisions, and 
assigning the discussion of these to a corresponding number of Boards 
formed out of the General Committee. It was thought that a good 
deal of the disoussion of the applications in the several branches 
might be carried on by correspondence among the members of the 
respective Boards, so that one or two meetings of each Board might 
suffice. If some trouble were thus saved to the jumnbers of thh 
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Oommitted in regard to ^personal attendance at long meetingB, there 
would probably be more expenditure of time in the way of oorres- 
pcmdenoe, and it was thought that one meeting of the Qeneral 
Committee in the year would in most cases suffice. To meet pressing 
oases in the interval, it was suggested that a limited sum might be 
fdaoed by the General Committee at the disposal of the Council of 
the Royal Society. There are further provisions for forming a 
reserve fund of not more than £2,000 to meet special objects involv- 
ing unusual expenditure, and for holdingin reserve out of the money 
available for any one year enough to meet annual grants of limited 
amount made for a period not exceeding throe years, the future grants 
being contingent on the receipt by the Committee of satisfactory 
evidence of progress in the inquiry. The new regulations, of which 
I have merely given a slight sketch, have been communicated to the 
Treasury, and will come into operation next year. 

The Krakatoa Committee have now completed their work, and the 
volume which is the outcome of their labours is in the hands of the 
public. It has been favourably noticed in more than one quarter. 
The Society is much indebted to those Fellows and other gentlemen 
who discussed and reported on the different subjects into which the 
whole inquiry was divided, and to Mr. Symons, who was the first 
to propose that the materials should be collected, and to whose 
unwearied labour as Chairman of the Committee, director of tiie 
correspondence, and editor of the Tolume, the successful accomplish- 
ment of the undertaking is largely due. A comprehensive and 
digested account of that extraordinary volcanic explosion, remarkable 
both for its magnitude and the striking disturbances and other 
phenomena attending or following it, is now placed within easy 
reach of the ordinary reader, and will go down to posterity, whereas, 
had the various accounts remained in their isolated form, they would 
masiy of them have perished, and the remainder could not have 
been brought together without a most laborious search. It must be a 
great satisfaction to my predecessor in this chair to remember that 
he urged upon the Council the importance of collecting the facts 
before the materials should have become dissipated, and while the 
freshness of men’s recollection of the event kept up a lively interest 
in all that belonged to it. 

The Royal Society is in possession of some important standards for 
the safe keeping of which we are responsible. Parliamentary copies 
of the standard yard and standard pound have been entrusted to our 
custody ; and we have also a standard measure of length known as 
Sir George Schnckburgh’s scale, with referonoe to which the length of 
the seconds’ pendulum for Greenwich has been determined by Kater 
and Sabine. This length, as determined by experiment, has been 
with reference to the interval from the 0 to the 39 and 
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40-inch gradaations on the scale; but no, exact comparison has 
hitherto been made between the length of this portion of the scale and 
the national yard, and snch a comparison is no easy matter. It 
happens that Commandant Defoi^s has been engaged in determining 
the length of the seconds' pendulum at Greenwich with reference to 
the French standard metre ; and jnst before his return to Paris he 
came to our meeting, and offered to take charge of tho scale, bring 
it with him to Paris, and there determine the length of the part of 
the scale used by Kater and Sabine with refei*encc to the meti*e, for 
doing which he has all the reqaisite appliances ; and as we know the 
ratio of the metre to tlie yard, the length of the seconds' pendulum as 
determined by Kater and Sabine would thus be known accurately 
with reference to tho standard yard. It seemed to me that so im- 
portant a scale should hardly be sent away, even though in the care 
of so experienced a physicist, without the authority of tho Council, 
and without an outer case being made for its box, which there was 
not time to get ready. The authority of the Council has since been 
obtained, aud it fortunately happens that one of the assistants at the 
Greenwich Observatory is going to Paris, who will take charge of 
the scale. Thus by the kind proposal of Commandant Deforges, we 
may shortly hope to have an authentic comparison of the length of 
the seconds* pendulum as moasurod by Kater and Sabine with the 
standai*d English yard. 

At the time of the anniversary last year, some of the reports of the 
observers who went to Grenada to observe the Total Solar Eclipse of 
August, 1686, bad been sent in, and I mentioned that it seemed 
desirable, for convenience of reference at a future time, that the 
different reports should come oat together, instead of being published 
in a scattered form, provided at least that the waiting for the later 
reports should not cause too much delay. I regret to say that the 
completion of the reports has been delayed in part by the illness of 
one of the observer, but I have eveiy hope that they will all be in by 
Christmas, and I do not anticipate that any long time will elapse 
before they will be in some form in the hands of the public. 

The time is well within our recollection when the ooourrenoe of 
the solar prominenoes seen in total eclipses first attracted the atten- 
tion of astronomers, and when, for observations bearing on their 
nature, we bad to wait for the rare and brief glimpses which, clouds 
permitting, were afforded by total eclipses. Now, however, thanks 
to the method of observation devised independently by Lockyer and 
Janssen, they may be studied at any time. It would obviously be a 
great advantage if a similar study oould be made of the' corona ; tor 
though we cannot expt^ct to obtain a picture of it eqnal to that which 
may be got during a total eclipse, yai if a fairly good picture could be 
4btamcMl from time to time, we might thereby be enabled to learn 



Pndimi9 Addreii, 


68 


t88&] 

more about the hieiorj of ifc« changes than could be got bj obsorra- 
tions extending over a lifetime if resirioted to total eclipses* Some 
observations wei'e made daring the partial pliases of the last total 
edipse with the view of throwing light on the prospect of success. 
Notwithstanding the unpromising nature of the results obtained, 
I have reason for hoping that the desired object may yet bo aocom- 
plisbed. 

In addressing you last year, that year which will be memorable as 
the J abileo of the reign of our beloved Sovereign, 1 ailudod briefly to 
the progress which science had made in the last half century, and 
ventured to indicate one or two directions in which it seemed to me 
possible that a very great addition to our physical knowledge might 
some day be reached. I will not to-day venture to look so far ahead ; 
hut the mention of a total eclipse loads me to refer to some theories 
now before the scientific world which are likely to undergo full 
discussion and further examination in the near future, with the 
probable result of a pretty general agreement as to their acceptance 
or rejection. 

It is now many years since Dr. Huggins discovered the peculiar 
obaracier of the spectra of the nebulas, spectra which he found to 
consist mainly of bi*ight lines, indicating that what we see is an 
incandescent gas. The natural supposition to make at the time was 
that those distant masses of matter consisted of incandescent gas, of 
which the luminosity was in some way kept up, probably as a result 
of condensation. But the researches of Mr. IxKikyer, as described by 
him in the Bakerian lecture which he delivered last spring, and in 
part in a previous paper communicated shortly before the last 
snniverMary, have led him to take a different view of the constitution 
of nebulas. According to the theory advanced by bim, the mass of 
a nebula oonsists mainly of meteorites, which are constantly coming 
into collision here and there ; and the glowing gas the existence of 
which the spectroscope reveals, is merely a portion of the matter, 
volatilised by the heat of collision. According to the former view 
therefore, the nebula consists of glowing gas, not yet condensed into 
a solid or liquid form, possibly in a condition even more elementary 
than that of the RO«called elements that we know on earth ; accord- 
ing to the latter it consists mainly of discrete portions of solid matter, 
end the glowing gas does not consist of the same matter perma- 
nently glowing, but is continually supplied afresh by fresh oollisions. 

A similar theory is applied to explain the Belf-lnminosity of the 
nnoleuB, and sometimes the very root of the tail, of comets. A comet 
is ^garded as a swarm of meteorites, moving in orbits not greatly 
differing from one another; and as the swarm approaches the sun 
collisions become more frequent, and individually more potmit, from 
■n increase in the velocities differential as well as almlute ; and 
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a portion of matter is TolatLlued and rendered inoandesoent* As to 
the tail, the theory long ago suggested bj Sir John Herschel has 
always seemed to me by &r the most probable of those that have 
been advanced, namely, that it is duo to the propulsion of excessively 
attenuated matter, owing to a repulsive force, probably of electrical 
origin, omaiiating from the snn. This view seems to be adopted both 
by Mr. liockyer and l)r. Huggins ; and the latter gentleman in an 
earlier Bakerian lecture has suggested a new theory of the corona — 
the corona as distinguished from the prominences — namely, that it is 
projected from the sun by molar forces due to the tremendous state 
of turmoil, in which wo have very strong reason for believing that 
the matter composing the sun exists, but of matter actually pi-opelled 
from the sun by a repulsive force in the manner of the tails of comets. 

Daring as some of these speculations may appear to be, there seems 
a great deal to recommend them, and the whole subject is one of 
extreme interest at the present day. 

Bnt 1 must not take up your time longer by dwelling on so 
special a subject ; I proceed to matters more partionlarly conneoted 
with the occasion on which we are assembled. 

The Council have awarded the Copley Medal of the year io my 
predecessor in this chair, Mr. Huxley, for his investigations on the 
morphology and histology of vertebrate and invertebrate animals, and 
for his services to biological science in general during many past 
years. These subjeota lie so eutiroly out of the range of my own 
studies that 1 need hardly say that in attempting to give some idea of 
the more salient features of his investigations 1 am dependent upon 
the kindness of biological friends. 

Daring the fifteen or twenty years which preceded the pnblioation 
of Darwin’s fauions work, the * Origin of Species,’ the views and 
methods of oomparative anatomists underwent a most marked change. 
Without that change biologists would have been far less prepared to 
accept Mr. Darwin's work, and, what is even more important, would 
have been unprepared to make use of that work as a light enaUing 
them to carry on the remarkable researches which have so brilliantly 
characterised the progress of biology during the lost quarter of a oen- 
tnxy. That change was effected chiefly by the labours Brst of Johannes 
Muller, and subsequently of Huxley in this country, and of Gegeabaur 
in Germany. The labours of these men opened out the right road of 
morphological inquiry. It is not, perhaps, too much to say that Mr. 
Huxley's treatment of his subject in his ^ Morphology of Cephalons 
MoHnsoa ' was to many young morphologists little short of a revela- 
tion, and all his other works of the same period, such as that on the 
bydrosoa and on tnnicates, and latter still his treatment of the verte- 
famte skull and skeleton, and arthropoda produced in varying degree 
a like effects 
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Closely alUed to, or rather forming part of, his morphological 
laboure are his munerous palesontologioal rasearohes, carried out for 
the most part while he was paleontologist to the Geological Surrey, 
researches characterised by the same clear morphological insight, 
researches which have been as p 2 t>iitable to animal morphology as 
osefal to the geologist. The most important are perhaps those on 
the remarkable reptiles of the Elgin Sandstones and on the 
Dinosauria; but many others hare great value, and his Anniversary 
Address to the Geological Society, in 1870, made its mark. 

Though his career has been in the main that of a morphologist, he 
has through the common ground of histology given considerable help 
to physiology. An early paper by him *On the Cell-Theory,’ did 
much to clear away erroneous notions concerning the relations of 
structure to the actions of living beings. His article on * Togumen- 
tary Organs * was a great step onward as regards both morphology 
and histology, and still remains a classical work; while, by other 
papers and in various ways, he has contributed to the progress of 
histology and physiology. 

But however important Mr. Huxley’s original contributions to the 
advancement of our soientiiic knowledge have been, we should form a 
very inadequate idea of his benefits to the cause of science if we did 
not bear in mind also his singular ability and effectiveness as an 
expositor of science to the people, and the powerful infiuenoe ho has 
exerted in the improvement of the teaching of biology in its widest 
sense in this country. Indeed, it is not too much to say that the 
remarkable improvement which has taken place within the last few 
years must be ascribed either directly or indirectly to bis infiuenoe, 
and bus been in many cases due to his initiation. 

The Rumford Medal has been awarded to Professor Pietro Taochini 
tor important and long-continued investigations, which have largely 
advanced our knowledge of the physics of the sun. 

Professor Taochini occupies a foremost place among those who bayc 
paid special attention to the physics of the sun. Since 1870 he hiis 
singly observed, first at Palermo, and afterwards at Romo, the 
solar prominences. The information at our disposal at the pnMmut 
time, both as regards their distribution, tlieir spectra, and the changes 
which take place in them, and their connexion with other solar 
phenomena, rests to a large extent upon his individual efforts. His 
memoirs on this subject are very numerous. He has been engaged in 
the observation of four total solar eclipses, and from some of tbe 
phenomena therein observed has drawn tbe important conclusion that 
many of the so-called prominences are really descending currents. 

A Royal Medal has been awarded to Sir Ferdinand von Mueller for 
his long services in Anstratian exploration, and for bis investigations 
of the flora of the Australian continent. 
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For more ibaii forty yearn von Maeller has been working, witiiout 
intermiaaion, at acientifio botany and its practiced illnatrationa. Aa a 
botanical traveller and collector, be baa, to quote the words of Sir 
Joseph Hooker, peraonully explored more of the Australian conti- 
nent than any other botanist, except Allan Cunningham.** No one 
has investigated the Australian flora and the gcjographical distribu- 
tion of its components with so much perseverance and success, and 
no one baa enriched our herbaria, laboratories, and gardens with 
materials for study to so great an oxient. The eleven volumes of the 
*Fragmenta Phytographiss Australi»’ contain the descriptions of a 
great scries of new plants, and the unrestricted communication of his 
collections and observations to the late Mr. Beniham rendered 
possible the preparation of the * Flora Australieusis,* in seven volumes, 
the only account of the vegetation of any large continental area which 
has at present been completed. 

He has especially devoted himself to the elucidation of the most 
difilcult, though most oliaraoteristio groups of the Australian flora ; 
and as a result of his labours in this direction, his * Eucalyptographia ’ 
may bo mure particularly mentioned, a work which will always be 
the standard of nomenclature for the intricate genus Eucalypims, Of 
a similar character are his deBcriptions and illustratious of the 
‘ Myoporineous Plants of Australia," and his * Iconography of the 
Genus Acada* To him is also due the foundation of the Govern* 
ment Herbarium at Melbourne, the first groat botanical collection 
formed in the southern hemisphere, and the future centre of all 
Boientifio work on tlie Australasian flora. 

A Royal Medal has been awarded to Professor Osborne Reynolds 
for his investigations in mathematical and experimental physios, and 
on the application of scientific theory to engineering. 

Professor Reynolds was among the first to refer the repulsion 
exhibited in that remarkable instrument of Mr. Crookes’s, the radio- 
meter, to a change in the molecular impact of the rarefied gas 
oonsequont upon the slight ohange of temperature of the movable 
body due to the radiation incident upon it,- and in an important 
paper published in the 'Philosophical Transactions’ for 1879, he 
deduced from tbeoretioal considerations the oonclusion that similar 
phenomena might be expected to be observed in bodies surrounded by 
a gas of comparatively large density, provided their surfaces were 
very small. He verified this anticipation by producing on silk fibres, 
surrounded by hydrogen at the atmospheric pressure, impulsions 
siinilar to those which in a high vacuum affect the relatively large 
disks of the radiometer. 

In an important paper published in the * Philosophical Transactions ’ 
for 1888, he has given an aooountof aa inyestigation, both theoretical 
and experimental, of the oircumstanoee whioh determine whether the 
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motion of mtefr sliall be direct or sinnons, or, in other words, reg^nlar 
and stable, or else eddying^ and unstable. The dimensions of the terms 
in the equations of motion of a fluid when yiscosity is taken into 
account involve, as had been pointed out, the conditions of dynamical 
similarity tu geometrically similar systems iu which the motion is 
regular ; but when the motion becomes eddying it seomed no longer 
to be amenable to maihomatical treatment. But Professor Reynolds 
has shown that the same conditions of similarity hold good, as to the 
average effect, even when the motion is of the eddying kind ; and 
moreover that if in one system the motion is on the border between 
steady and eddying, in another system it will also be on the border, 
provided the system satisfies the above conditions of dynamical as 
well as geometrical similarity. This is a matter of great practical 
importance, because the resistance to the flow of water in channels 
and oondnits usually depend mainly on the formation of eddies ; and 
though we cannot determine mathematically the actual resistance, 
yet the application of tho above proposition leads to a formula for the 
flow, in which there is a most material reduction in tho number ot 
constants for the determination of which we are obliged to have 
recourse to experiment. 

There are various other investigfitlons of Professor Reynolds’s 
which time would not allow me to enter into, and I therefore merely 
mention his investigation of the relation between rolling friction and 
the distortion produced by the rolling body on tho surface on which 
it rests, that of tho effect of the change of temperature with height 
above the surface of the ground on the audibility of sounds and his 
explanation of the effect of lubrication as depending on the viscosity 
of the lubricant. 

The Davy Medal has been awarded to Mr. Crookes for bis investi- 
gations on the behaviour of substances under the influence of the 
eleotrio discharge in a high vacuum. 

Mr. Crookes’s remarkable series of researches which conducted him 
to the invention of the radiometer led him to work with excessively 
high vaoua. In connexion with ibis be found that an eleotrio 
discharge in such vacua is capable of exciting effects of phospbo- 
resoenoe apparently quite different in their origin from those produced 
in the ordinary way by such discharges. The latter are clearly 
referable to the action of the ethereal undulations which are propa- 
gated from the seat of the discharge. But the former involve in 
some way the effect of the aotual transforenoe of the molecules of 
ponderable master. These phenomena, in the hands of Mr. Crookes, 
opened up a now means of disciamination between different bodies, 
sad he has applied them as a test for the disorimination of groups of 
rare earths, not yet fully investigated. The test went hand in hand 
with’ prooesoea of chemical separation. But here a great difficulty 
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praenied itself. So very closely allied in their chemical properties 
are the members of the gronpa, that it was only by an ezoessiTely 
tedious and laborious system of fractional precipitation that Mr. 
Crookes was able to effect a pretty fair separation. Even still, the 
separate existence of some members of the groups is more oit less 
problematical. It is for these most painstaking researches that the 
medal has been awai^ied. 

The existence, or apparent existence, of so many earths of such 
close ohemicul relationship led Mr. Crookes to spocolate on the possi- 
bility that after all the molecules of what is deemed a chemical 
element may not be absolutely alike, as chemists have almost 
univei*8ally believed, but only very approximately so, and that what 
is deemed the molecular weight of the substance may really be that 
of the average of its molecules. Should such groups exist, it is 
conceivable that by processes of very delicate chemical separation 
they might be split up again into sub-groups, the molecules of which 
still more nearly match one another ; so that according to this view 
the number of groups into which an element, or what is deemed such, 
might be split up, not, be it observed, by any dissociation, but merely 
by a sorting of the molecules which are very nearly alike, may be 
somewhat indefinite. 

Chemists will not probably be disposed to give up the idea of the 
perfect similarity of the individual molecules of elementary bodies; 
but it is surely legitimate for one who has worked so assiduously at 
tliese difficult separations to suggest, merely as a matter for chemists 
to think about, a possible view of the nature of elements different 
from that to which they hare been accustomed. 


The Statutes relating to the election of Council and Officers were 
then read, and Sir James Cockle and Professor Biicker having been, 
with the consent of the Society, nominated Scrutators, the votes of 
the Fellows present were taken, and the following were declared duly 
elected as Council and Officers for the ensuing year : — 

Prmdmt , — Professor George Gabriel Stokes, M.A., D.O.L., LL.D. 

2Veacttrer.--Jobn Evans, D.C.L., LL.D. 


8eoreiarie$. 


ies.— I 


Professor Michael Foster, M.A., M.D. 
The Lord Rayleigh, M.A., D.G.L. 


Foreign 8ecrda/ry . — ^Professor Alexander William Williamaon, LL.D, 
Other Members of the CctmcA. 

Professor Henry Edward Armstrong, Ph,D. ; Heniy Bowman 
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Biftdy, F.G.S.; Charlea* Baron Clarke, M.A. ; William Huggins, 
D.O.L. ; John Whitaker Hnlke, F.B.G.S.: Professor John W. 
Jodd, F.Q.S. ; Edward Emannel Eloio, M.D,; Profeesor E. Ray 
Lankester, M.A. ; Professor Herbert MoLeod, F.I.C. ; Sir James 
Paget, Barh, D.C.L ; William Pole, Mns. Doc.; William Henry 
Proeoe, M.I.O.E. ; Sir Heniy E. Rosooe, D.C.L, ; Edward John Ronth, 
D.So.; Professor Arthur William Biicker, M.A.; William James 
Lloyd Wharton, Capt. B.N. 

The thanks of the Society were given to the Surutators. 
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The following Table bKows the progress and present state o£ the 
Society with respect to the number of Fellows : — 


1 l^alron 
iind 

' Ur>ral 

" " 1 

1 

Foreign, i 

Com- 

pouiidcri* 

£4 

ywirly. 

£3 

vearlv. 

TotaL 

|Nov. 30, 1K«7 .'> 

48 

188 

ig:> 

112 

518 

Since Elected . , 1 

+ i 

f 0 

+ 3 

+ Hi 

+ n 

Since Deceased . . 1 

1 

- 8 

— c 

- 8 

- 1 

^ 18 

Nov. 30, 1 888 ii 

1 

1 

49 

182 

160 

127 

523 

1 







Account of the appropriation of the sura of £4,000 (the Govern- 
ment Grant) annually voted by l^arliament to the Royal 
Society, to ho employed in aiding the advancement of 
Science (continued from Vol. XLlIl, p. 20.)). 


J. Murray, for an Examination of the Westom LtK'hs of 

Scotland 400 

W, G. Forster, for cost of a Seismograph to bo used in a 
Research on tho laws which regulate Earthquake Motion .... 7o 
F. R. Japp, for an Tiivcstigiitioii of the Reactions of Ketones, 

Diketones, and allied compounds 75 

Hon. B, Abei-criTOliy, for the Systematic Observation of 

British Thunderstorms 25 

W. R. Dnnstan, for the Investigation of the Reduction of 
the Nitro-paraffins and Alkyl Nitrites as effected by FeiTons 

Hydroxide 30 

J. Croll, for books and payment of a Secretary to aid in 
completing a work on the fundamental principles which under- 
lie the Doctrine of Evolution in its widest sense 25 

H. R. Mill, to discuss the Observations of Temperature made 
by the Staff of tho Scottish Marine Station in the Clyde-sea 

area 100 

Dr. T. Lander Brunton, for Investigations on the connexion 
between Chemical Constitution and Physiological Action .... 100 


£830 


Carried forward. 



7U Ajtpropriatim of the Gooemmefii Grant [Nov. 80f 


Brought forward £dB0 

Dr. F. Wurnor, to oompleto apparataa for enumerating oom- 

bitiations of Movements in the Human Body 60 

J)r. L. 0, Wooldridge, for further Researcli ou the Pliysiology 

and Pathology of the Blood 40 

J. Beard, for farther Besearuh in Elasmubi'aiich and Ganoid 

Development 80 

A Committee of the Royal Society, for continuing the boring 

in the Delta of the Nile. 500 

W. H. Pendlebnry, for un Invostigatiou of a ciise of gradual 
Chemical Change, viz., that between Hydrogen Chloride and 

Potassium Chlorate 50 

G. Massee, to prepare a Monograph of tho Fungi belonging 

to tbe order Thclephorei 100 

F J. Smith, for a Research on tho Acceleratiou Period of 
the Explosion, in tubes, of Gaseous Mixtures, and tho point or 
points at which the explosion is propagated at its maximum 
velocity 50 

R. Meldola, for a Research on Diuzo-eompounds 20 

J. N. Lockyer, for Aid in providing a large Kedeotiug 

Telescope, and to pay an Assistant in a Research on tho exact 

sequence of temperature phenomena in meteoric swarms 300 

C. Fiazzi Smyth, for Researches in Spectroscopic Measiiro- 

inont of Ultra Detiuitiou and Extreme Separation 100 

C. Y. Boys, to Investigate, if possible, the Heat sent to the 

Earth from the Stars, Planets, Ac 50 

G. S. Johnson, for an investigation into the Nature of the 
Bases (organic) in the Juice of Flesh 50 

S. U. Pickering, for a full Investigation of the Nature of 

the Reaction taking placo when Solutions are diluted with 
Water 100 

A Committee of the Royal Society, for tho Determinatiou of 
tho Relation between the Forces of Gravity at tbe £ew 
Observatory, and at the Royal Observatory at Greenwich .... 150 

C. Davison, for the Observation and Recording of Eai*th- 

quakes and Earth-tremors in the Midland Counties gO 

E. Nevill, for continuing his Investigation of the Erroi^s of 

Hansen’s Lunar Tables 50 

P. G. Tait, for a Research on the Duration of Impact and 

the Coefficient of Restitution 40 

G. J. Symons, for 6ompletmg the Construction of Recording 
Apparatus for the Study df the fiarometrio Oscillations which 
occur during Thunderstorms 25 

Carried forward. £2,675 

a 
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Broaght forward * « . . £2,675 

Gr. J. Symonfl, for oomplotiu^ the Collection of Records of 

British Rainfall during the i7th and 18th Centuries 50 

P. F. Franklaud, for Payment of an AHsistant in a Research 
on the Cbemioal Changes bnaight about by Micro-organisms. • 50 

A. J. Herbertson and A. Rankin, for obtaining Pliotogniphs 

of Phenomena seen at 13cn Nevis Observatory 25 

Dr. Armstrong, for a Comniittee, for a Determination for 
certain solutitms uf the Variation in Electrical Resistanoc with 

concentration at different Temperatures 150 

H. B. Dixon, for a Research on the Rate of Explosion of 
Cyanogen, Marsh-gas, Ethylene and Acetylene, with Oxygen 

and Diluents, and two other Reseaudius 100 

C. R. Alder Wright, for a Research on certain Alloys 50 

C. A. Bal lance and S. C. Shattock, for a Research on the 

Pathology of Cancer 50 

Joseph Thomson, for an Expedition to the Atlas Mounfains 
and the Southern Provinces of Morocco 100 

A. C. lladdon, for an Investigation of the Fauna, Structure, 

and Mode of Formation of the Coral Reefs in Torres Straits . . 300 

J. Beard, for Researches on Comparative Vertebrate Alor* 

phology, and especially on Qanoid Development 200 

T. W. Bridge, for Investigating the Structure of the Air- 

bladder in certain Toloostoau Fishes 25 

A Committee, for continuation of Mr. Rattray’s Monograph 
of the Diatomacoie 100 

B. Kidstoii, for continuation of his Investigations into the 

Distribution of the Carboniferous Flora dO 

West Indies Fauna and Flora Committee, for further aid in 
sending a Collector to obtain Botanical and Zoological Speci- 
mens in the less known West Indian Islands tOO 

B. A. Sohaier, for farther payment of an Assistant to aid in 
prosecuting a Research into the functions of the Nervous 

System, especially of the Cerebial Cortex 50 

W. F. Denning, for farther observation of Shooting Stars 

and their Radiant Points 30 

W. K. Parker, for continuation of Reseai'ches into the Mor- 
phology of the Vertebrata 150 

T. B. Jones, for farther Elucidation of the Fossil 

Ostraooda 25 

W. E. Hoyle, to complete the Anatomical Investigation of 
the Cephalopoda collected by the ** Challenger '* 100 


£4,870 
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Dr. 

£ t. d. 

To Balonooi NoTomber 90, 1887 . 22 5 6 


ft G-mnt from Traasiiry ....... 4,000 0 0 

Repayments 6L7 0 0 

„ Interest on Deposit 29 11 11 


Cr, 

£ s. d. 

By Appropriations, as 

aboTe 4,870 0 0 

Salaries, Printing, 

Postage, Advertis- 
ing, and other Ad- 
ministrative Kx- 

ponsoB 88 18 0 

By Balance, Nov. 90, 

1888 200 19 11 


£4,668 17 11 


£4,668 17 11 


Account of Qrauts from tlio Donution Fund in 1887-88, 


£ a. i. 

Pi^of. T. R. Jones, for illustrations of his ’work on the 

Fossil Astracoda, £25. On account 6 18 8 

Prof, Schafer, to assist the investigation by Ox's. Martin 
and Dawson Williams, on tho Influence of Bile upon the 

Digestive Actions of the Pancroatio Juice . . . - 20 0 0 

Prof. Lank ester, to nssist in constructing apparatus for 

the study of certain Mcdusee 15 0 0 

J. N. Langley, to assist Dr. Sherrington in researches 
on Histological Cbauges in the Nervous Bystem 20 0 0 


£61 18 6 



Report of the Kew Committee for the Year ending 
October 31, 1888. 


The opcmtiotiB of The Kew Observatory, iu the Old Deer Park, 
Richmond, Surrey, ara controlled by the Kow Committoe, which is 
constituted as follows ; 

Mr. Warren do la Rue, Chairman. 

Captain W. de W. Abney, C.B., Admiral Sir G- H, Richards, 
H.B. K.C.B. 

Prof. W. G. Adams. The Earl of Rosse. 

Staff-Commander E. W. Croak, Mr. R. H. Scott. 

R.N. Lieutenant-General R. Strachcy, 

Prof. G. 0. Foster. C.S.l. 

Mr. F. Galton. General J. T. Walker, C.B. 

The work at the Observatory may be eonsiderod under the fol- 
lowing heads 

Ist. Magnetic observations. 

2nd. Meteorological observations. 

3rd. Solar observations. 

4tb. Experimental, in connexion with any of the above de^iart* 
xnonts. 

5tb. Verification of instruments. 

6th. Rating of Watches and Marine Chronometers. 

7tb. Miscellaneous. 

I. Magnetic Observations, 

There have been no changes introduced in the magnetographs 
during the year, but the building operations referred to later 
on have involved the introduction of several pieces of iron, in the 
shape of girders, standards, rails, Ac., both temporarily and permar 
nently, into the field of action of the magnets, and will there- 
fore somewhat complioate the corrections necessary to render the 
obeervations comparable with those made prior to the alterations. 
Fortunately the building in which the absolute observations are 
made is suffiioiently remote (about 100 yards) from the main building 
to be quite unaffected by these sources of magnetic disturbance. 

The photographed magnetic curves r^presemting Declination, 



74 


B^ort of tho Km CommittH* 

Horizontal Force, and Vertical Force variations have been seenred 
nninterruptedly thronghont the past year, and in accordance with the 
nsnal practice the scale values of all the instruments were determined 
in January last. 

The following values of the ordinates of the different photographic 
curves were then found 

Declination : 1 inch=0® 22'‘04. 1 cm.=0® 8''7. 

Bifilar, January 12, 1888, for 1 inch dH = 0*0279 foot grain unit. 

„ 1cm. „ 3s 0*00051 C.O.S. unit. 

Balance, January 16, 1888 „ 1 inch 5V= 0*0282 foot grain unit. 

„ 1 cm. „ = 0 00051 e.G.S. unit. 

The distance between the dots of light upon the vertical force 
cylinder having become too small for satisfactory registration, the 
instrument was re-adjusted for balance. This was done on January 
19th, after which the scale value was ro-determined with the following 
result : — 

Balance, January 21, 1888, for 1 inch hY r= 0*0278 foot grain unit. 

„ 1 cm. „ ss 0*00050 e.G.S. unit. 

In February experiments wore undertaken to verify the tempera- 
' tare corrections of the force magnetographs as well as of the 
barograph by artificially heating the room in which these instm* 
ments are at work. A rough temporary fireplace was built of bricks 
and slates, in which a <;harcoal fire was lighted for several hours. 
This was subsequently extinguished and the windows were thrown 
wide open in order to admit the cold night air for a corresponding 
period. By this means changes of temperature of about 20^ F. 
were several times made. The resultant effect in the case of the 
bifilar was very small indeed, but with respect to the balance magnet- 
ometer, it was considerable, as expected. 

In order to ascertain whether the experiments had affected the 
permanent magnetism of the needles, or h^ otherwise influenced the 
instruments, scale value determinations were made on March 20th, 
and as will be seen by the following note, no appreciable effect had 
been produced in the sensibility of the Y.F. magnetometer by the 
operation. 

Balance, March 20, 1888, for 1 inch 5V bb 0*0277 foot grain unit. 

„ 1 cm. „ s 0*00050 e.G.S. „ 

Small unimportant repairs have been made to the leoording 
apparatus when necessary. 

Although the magnets generally have been more active than in ibo 
preceding year, no very largo movements have been regiatered. 

The principal distnrbaucea were recorded on the following dates : 
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November 21, 1887, Janaarj 28, April 11-12, Hay 21, Augnat 3, and 
October 19-22, 1888. 

Tbe monthly observationa with the ahaolate inatrumcnta have been 
made as nsunl, and the results are given in the tables forming 
Appendix 1 of this Re^iort. 

The following is a summary of the number of magnetic observationa 


made during the year : — 

Determinations of Horizontal Intensity 36 

„ Inclination . . 12-t 

„ Absolute Declination 


The magnetograph curves made use of in the preparation of the 
tables of diurnal range of Declination (see Appendix I, Table HI) have 
been reproduced from the original photographs by means of an 
etdograph kindly lent by Captain Wharton, F.R.S., the Hydro- 
grapher. 

A complete set of self-recording magnotographs by Gasella, London, 
similar in construction to the instruments recently supplied to the 
Royal Cornwall Polytechnic Society, have been examined at the 
Observatoiy. 

Information on matters relating to terrestrial magnetism and 
various data have been supplied to Professors HUokor, Piazzi Smyth, 
Dr. Rijckovorsol, and Messrs. Wilkinson and Harrison. 

Magnetic Reductions , — At the request of the Rev. S. J. Perry, 
copies of the Kew Horizontal Force curves for certain selected days 
daring the years 1883 to 1886 are now being made. 

IT. Metboholoqical Odssbvatioms. 

The several self-recording instruments for the coutinnons registra- 
tion respectively of Atmospheric Pressure, Temperature, and Humidity, 
Wind (direction and velocity), Bright Sunshine, and Rain, have been 
maintained in regular operation throughout the year. 

The standard eye observations for the control of the automatic 
records have been duly registered, together with the daily observa- 
tions in connexion with the U.S. Signal Service synohrouons system. 
A summary of those observations is given in Appendix II. 

The tabulation of the meteorological traces has been regularly 
earned on, and copies of these, as well as of the eye ofamrvations, 
witii notes of weather, cloud, and sunshine have been transmitted 
to the Meteorological Office. 

Owing to tronble caused by bursting of the water-reservoir for the 
thermograph wet-bnlbs during frosty weather, and the risk of theii 
imperfeot action owing to leakage of water, a doable tank has been 
made, so that in the event of the inner vessel bursting, the outer one 
willptevent any loss of water. 
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The number of iuBtrumcnte under obi*erTation has been increased 
bj ilio addition of a snow gauge on Professor Nipher's principle for the 
purpose of moasuring falls of snow, but no opportunity has occurred 
since its erection of thoroughly testing its indications. 

A new 8-incli Gloisber gauge has been supplied by the Meteoro- 
logical Office, and its readings observed regularly, since January, 
with tho view of substituting it for the old square 100-inch area 
gauge hitherto employed for check upon the Beckley S.R. gauge, on 
the completion of a full year's cx)inpariBon of tho two gauges. 

Seven months^ observations have also been made of a second 6-inch 
gauge, with the view of determining the effect of paint upon the 
inner surface of tho collecthig fnnncl. 

During the period that the east room of the Observatory was under- 
going alteration, tho working standard barometer, Newman 34, was 
temporarily removed to a position a few yards distant in the North 
Hall. Comparisons were made with the Welsh standards (which were 
uarofully cased in, during tho time of occupation of the room by 
workmen), both before, subsequent to its removal, and after its replace- 
ment in its old position. 

The^followirig is a summary of the number of meteorological obser- 
vations made during tho past year : — 


Readings of standard barometer 1740 

„ dry and wet thermometers 3480 

„ maximum and minimum thermo- 
meters 732 

„ radiation thermometers 1285 

„ rain gauges 1532 

Cloud and weather observations 1882 

Measurements of barograph curves .... 8704 

„ dry bulb thermograph curves. . 9462 

„ wet bulb iherraograpb curves. . 8668 

„ wind (direction and velocity). . 17472 

„ minfall curves 795 

,, Bunshine traces 1891 


In compliance with a request made tho Meteorological Council 
to the Committee, Mr. Whipple visited and inspected during biff 
vacation the Observatories at Aberdeen, Glasgow, Stony hurst, and 
Oxford, as well as the anemographs at Swaubister, North Shields and 
Vleetwood. 

Mr. Baker also inspected the Falmouth and Valeuoia Observatories 
as well as the Anemographs at Mountjoy Barracks (Dublin) and 
Holyhead. 

Advantage was taken of these visits to fit Stonyhurst lifters to 
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the Beckley rain gauges at Aberdeen, Falmouth, and Valencia, and 
one has since been forwarded to Dr. Dreyer for him to fit at Armagh. 

The barograph and thermograph formerly in nso at the Armagh 
Obserratory, after being put in thorough repair, have been erected in 
the Verification-house and tempomily sot to work, awaiting tho 
decision of the Meteorological Council ns to their final disposition. 

With the sanction of tho Meteorological Council, weekly abstracts 
of tho meteorological resulte have been regularly forwarded to, r.nd 
published by ‘ The Times * and * The Torc^uay Directory.’ Data 
have also been supplied to tho Council of the Royal Meteorological 
Society, the editor of ^ Symons’s Monthly Meteorological Magazine,* 
the Secretary of the Institute of Mining Engineers, Captain Abney, 
Dr, Rowland, and others. The cost of these abstracts is borne by the 
recipients. 

Since January last tables of tho monthly values of the rainfall and 
temperature have been prepared and sent to tho Meteorological Snb- 
Committeo of the Croydon Microscopical and Natural History Club 
for publication in their Proceedings. Detailed information of all 
thunderstorms observed in the neighbourhood during the year has 
also been regularly forwarded to tho Royal Meteorological Society 
soon after their occurrence, special forms having been provided by the 
Society for the purpose of collecting such information with tho view 
to special investigation. 

ISUctraijraph , — Tho olectrograph under repair at time of last Report, 
owing to its poi'tial destruction by fire, has been put in thonmgh 
order. Tho de la Rue battery, employed to charge it, bos been 
cleaned, and its cells refilled by the makers. The scale-value of the 
instrument has been again determined by moans of the portable elec- 
trometer (White’s) and found to be practically unaffected by the 
accident. 

A paper giving a summary of the rosults afforded by the instru- 
ment is at present in preparation. 

The electrometer lent to Mr. Aberoromby for tho purpose of making 
observations during his expedition to Teneriffo was returned to tho 
Observatory in good order on the termination of his experiment, and 
on trial tlie value of the soale division was found to be nnaltcrccL 

In ooijsequence of an accident whilst cleaning, the instrument 
required re-adjustment in March, but no alteration was femnd to have 
resulted to its sensitiveness when again tested at the laboratory in 
Charlotte Street, facilities being afforded for this by the kindness of 
ihe Chairman. 
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III. SoLJlB OBSaBTATIONS. 

The sketches of Sun-spots, as seen projected on the photoholiograph 
screen, have been made on 150 days, in order to continue Schwabe's 
enumeration, the results bein^ given in Appendix II, Table IV. 

Transit Oha&rvatioiM . — Regnlar observations of solar and of sidereal 
transits have been taken, for the purpose of keeping oorreot local 
time at the Observatory, and the clocks and chronometers have been 
compared daily. 

The clocks, French, Shelton K. 0., Shelton 35, and the ohrono* 
meters Breguet No. 3140, and Arnold 86 are kept carefully rated 
08 time-keepera at the Observatory, and the mean-time clock, Dent 
2011, lent by the Astroiiomer-Boyal, is also in use in daily com- 
parisons with the chronometers on trial. 

The chronometer, Molyneux No. 2126, is used as a **hack 
chronometer ’* in order to facilitate the inter-comparison of the clocks. 

The scale, figuros, Ac., on the south meridian mark in connexion 
with the triinsit-instrument having become somewhat obliterated 
through age and exposure, steps were taken to remedy this defect, 
and some slight improvements introduced. 


IV. ExPBBIMBNTiri WOBiC. 

FJioto-nephograph , — The past year has been particnlarly unfavour- 
able to cloud photography at the Observatory. 

The opportunities of taking negatives of cirrus, to which parti- 
cular attention is directed, were rare in the earlier months of the 
summer, and during the later the bnilders’ operations prevented, in a 
great measure, the work being carried on. 

Seveml modifications have been introduced into the system of 
observing, materially simplifying it, and the mathematical treatment 
of the pictures has also been temporarily set aside in favour of 
mechanical methods, which afford resnlte of suffioiont accuracy in a 
small fraction of the time occupied by the other plans of reduction 
which have been employed hitherto. 

Observations of cloud height, drift, and direction have been ti'eated 
in this manner for 1887 and for 1888, generally with satisfkototy 
results. Daring April special photographs were taken with one 
camera only, for showing the structural change in cirrus in short 
intervals of time, and seven sets of negatives were procured, exhibit- 
ing the extensive alteration sometimes observed in this class of cloud 
* in a couple of minutes. 

Time With a view of obtaining the time at the Observa- 

tory for pendulum work to a high degree of accuracy, imd also for 
comparing daily the time as determined by the Observatoiy Transit 
with that distributed by the Postmaster- General from St. Martin's-Ie- 
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Grand, application was made to H.M. CommiBsioners of Woods and 
Forests for permission to erect a telegraph line from the Observatory 
to the London and South Western Railway skirting the Old Deer 
Park. This was granted, and a line has been set up placing the 
Observatory in direct electidoal communication with the Chief Post 
Office in Richmond, 

A relay and chronograph have been purchased and placed in the 
circuit, and every morning, excepting Sundays and holidays, the 
10 A.H. signal from the Royal Observatory, Oieenwioh, is recorded 
boside the boats of tho Observatory Standard Clock (French) on the 
sn me tape. The signals have been observed daily by means of the 
galvanometer for the past two months, but tho chronograph was only 
regularly set to work on the Slst October, delay having arisen on 
account of the necessity of protecting tho apparatus against lightning. 

The cost of the chronograph and attachments to the Standard 
Clock has been defrayed by a grant from tho Royal Society. 

Pendulum Experiments . — The swinging of the Indian Invariable 
Pend nl urns at tho Observatory has been delayed by the operations 
attendant on tho establishment of the time signal connexion with the 
00061*01 Post Office, and also by fallnre, up to the present, of informs 
tion from the American officers as to certain details of their practice 
when observing with the apparatus in America and elsewhere. 

Meanwhile experiments have boon made to determine the vacuum 
correction of the two thermometers, Nos. K.S. 667 and 668, used on 
the dummy to roplaco those broken in travelling. It was observed 
that a reduction of 27 inches in the barometric pressure lowered 
their zero points by 0*25*'. Other observations were also made to find 
the relative degree of accordance during changes of temporatnro 
between the indications of the thermometers in the interior of the 
vacunm-ebamber and that attached to the Richard thermograph 
placed in close proximity to its outer surface. 

During these trials the holding capacity of the chamber has been 
thoroughly tested and found to stand low pressures extremely well. 

Constants of B^olnnson Anemometers . — By permission of the Com- 
mittee, Mr. Whipple has attended at Hersham on several occasions, and 
assisted Mr. W. Dines, B.A., F.B. Met. Soo., in the experiments in 
progress, on behalf of the Wind Foroe Committee of the Royal Meteoro- 
logical Society, for determining the value of the Robinson constant for 
anemometers of various dimensipns, and also for verifying the factor 
for converting wind velocity into pressure. 

The experiments are similar to those carried out at the Crystal 
Palace in 1874, and described in the Report for that year. 

A Preliminary Report on the experiments was read l^efore the 
B. Met, Soo* meeting in May, 1888, and is printed in tho * Qnaj terly 
Jonrml/ Yol. 14^ p. 253. The results compare very favourably with 
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those formerly obtained as discussed by Professor Stokes (' Roy. Soc. 
Proo.,’ vol. 82, p. 170). 


V, Vekification of Instruments. 

The following magnetic insimmenta have been purchased on com- 
mission and their constants determined 

An Inclinometer for the Tiflis Observatory. 

A pair of Inclinometer Needles for the Golaba Observatory. 
Ditto for the U.S. Navy Department. 

Ditto for the Utrecht Observatory. 

The total number of other instruments compared in the past year 
was as follows : — 


Air-motors 6 

Anemometers 2 

Aneroids 164 

Barometers, Marine 31 

„ Standard 75 

,, Station. . 9 

Compasses. 7 

Hydrometers 548 

Inclinometers 1 

Magnets 8 

Rain Gauges 8 

Sextants 157 

„ Shades 78 

Sunshine Recorders 8 

Theodolites i 3 

Thermometers, Arctic 186 

„ Avitreons or Immisch’s 1591 

„ Chemical 79 

„ Clinical 10442 

„ Deep sea 77 

„ Meteorological 1074 

„ Mountain 27 

„ Solar radiation 8 

„ Standards 73 

TJnifilars 1 


Total 14,588 


Duplicate copies of correotions have been supplied in 52 oases. 

The number of instruments rejected on aooount of excessive 
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erroTi or wbioh from other oatises did not record with sn.'fiioient 
aooimu 7 , was as follows : — 

Thermometers, clinical 51 

„ ordinary meteorological 16 

Varioas 221 


7 Standard Theimometers have also been calibrated, and supplied 
to 2 societies and 2 individuals during the year. 

There are at present in the Observatory undergoing verification, 
22 Barometers, ^2 Thermometers, 2 Hydn>meters, and 4 Sextants. 

Sesctant Verification , — The number of sextants submitted for ex- 
amination continues to increase, having amounted during the post year 
to 157. 

VI. Rating of Watches. 

639 entries of watches for rating wore made as contrasted with 510 
during the corresponding period of last year. They wore sent for 
testing in the following classes : — 

For class A, 569 ; class B, 51 ; and class 0, 19. 

Of these 218 failed to gain any certificate ; 8 passed in C, 46 in B, 
367 in A, and 28 of the latter obtained the highest possible form of 
oertifioate, the class A eepectally good. 

In Appendix III will be found statements giving the results of 
trial of the 30 watches which obtained the highest numbers of marks 
during the year, the premier position being attained — with 89*0 marks 
—by a keyless, single-roller, going-barrel, centre-seconds watch, sub- 
mitted by W. Holland, Rockferry, Birkenhead. 

This total exceeds that of last year, and it is also extremely satis- 
^tory to note that a continued increase has taken place in the 
proportion of watches gaining more than 80 marks, the number this 
year being 53. 

Ho difficulty bas beei^ experioncod in maintaining the three safes— 
in which the watches are placed during rating — at the three tempera- 
tures of 40®, 65®, and 90® respectively, all the year rvmnd. 

Special attention continues to be given, as before, to the examination 
of pocket chronograph$f in accordance with the request of tbo Cyclists* 
Union ; and in consequence of numerous enquiries from manufacturers, 
timers, Ac., a set of rules has been drawn up, as follows, which are 
adhered to as far as pmotioable in testing chronographs. 

L After the usual A or B tests are finished the watch is run with 
the chronograph work in continual action for one or two periods of 
24 hours each, and a note made of the maximum effect produced upon 
the ordinary daily rate, by the ohronograph meobanism'' being in 
00iu|tant action, 
ton. xiit. 


a 
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2. This maximum effect must not exceed ± 5 seconds. 

3. In addition to the above 24-honr trials, the watch — with a view 
of testing its starting, stopping, and recording qualifications --^is also 
subjected to shorter tests, varying from a few seconds to an hour or 
more in duration. 

4. When the chronograph mcchaiiism is in action, and pressure is 
applied to the knob or push^piece, the chronograph hand or hands 
most either stop dead at onoe, or else must run on unaffected until 
stronger force is used. 

5. There must bo a complete absence of “ lagging,’* and moving 
only in spasmodic jumps, when pressure is applied, and perfect absence 
of recoil when the ohronograph hand is stopped. 

6. The hands must rutum to, and start exactly from, the seio 
mark, and in the case of split seconds they most run together in exact 
accordance. 

7. The times shown by the minute-recorder must agree with the 
position of the fly-back hand. 

8. When the chronograph action of a watch has been tested — ^in 
addition to the trial of its ordinary time-keeping qualities — an endorse- 
ment of the result will be made upon the certificate ; and chrono- 
graph watches with certificates without this endorsement will be 
recognised as having been examined as ordinary watches only. 

JIfannd Chronotmiers . — Certificates of mean daily rate and of 
variations of rate at each temperature have been awarded to 12 
marine chronometers after undergoing the 85 days’ trial as specified 
in the regulations. 


VII. Miscrllanious. 

.dsswfanca to Observatories^ §fc * — Prepared photographic paper has 
been procured and supplied to the Observatories at Batavia, CoUba, 
Falmouth, Lisbon, Mauritius, Oxford, St. Petersburg, Stonyhuxst, 
and Toronto, m woU as also to the Heteorolqgioal Office and the U.S. 
Kavy Department, 

Anemograph sheets have likewise been sent to Coimbra and 
Manritiua, blank forms for entry of observations, Ao., have also been 
distributed to various applicants. 

Hongkong Obeervaiory , — This observatory was founded by H.M. 
Cbvemment in 1883, p^ly on the recommendation of the X[ew Com- 
mittee, in order amongst other objects to obtain continuous observa- 
tions of terrestrial magnetism and meteorology in the eastern hemi- 
sphere between Java and Zi-Ka-Wei. 

The Dommittoe have recently been consulted by the Secretary of 
State f6r the Colonies as to the advisability of suspending the mag- 
netic work of the Chinese Observatoiy for a period of three years, 

\ 
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bat having regard to the important changes going on in the horisontal 
component of the earth’s magnetism, on that part of the globe, the/ 
were not able to recommend the Secretary to intermpt the observa- 
tions as snggested. 

Jlfortne Tehicopes, — The arrangements described in last year’s Report 
for the examination of Marine telescopes and binoculars have been 
completed, and a circular has been approyed of by the Committee for 
issue to the public, stating that such instruments will in future be 
tested at Eew on payment of the following fees : — 

Marine telescopes and superior hinoculurs , . 2«. 6(2. each. 

Opera glasses and pocket telescopes • . • . Is. 6d. „ 

The Secretary of the Admiralty has communicated with the Com 
mittee with reference to a proposal that all such instruments purchasud 
for use in H.M. Navy should bo examined at the Obserratory pi*ior to 
their acceptaTice from the contractors’ hands. 

Photographic Lenses. — Captain Abney, at the suggestion of the 
Camera Club, as well as Mr. Qalton, havo proposed to the Committee 
the establishment of a system of testing and certifying lenses con- 
structed for use in photographic cameras^ Captain Abney has pro- 
posed a scheme of examination, and experiments are in progress with 
a view to carrying it out at the Observatory. It has, however, been 
found difficult as yet to fix upon one which would permit of a sufii- 
oieutly exhaustive examination being conducted for the low fee which 
has been suggested, as probably the only one likely to make the certifi- 
cates popular. 

Shipe' LighU, — The Committee have had under consideration the 
very important subject of the examination of ship’s lights for the 
Mercantile Marine, by a system based upon the method now in 
operation at H.M. Dockyard at Chatham with reference to the lamps, 
lenses, and coloured shades used in H.M. Navy. 

The inland isolated position of the Observatory, and the heavy and 
cumbersome nature of the lanterns, appear to the Committee at 
present to offer an almost insuperable objection to tho adoption of 
this at Sew. There are no funds available for the alternative plan 
suggested of setting up a branch establishment at some locality on the 
hanks of the Thames below liondon. 

Exhibition , — The Committee contributed to the Annual Exhibition 
of the Royal Moteorologioal Society held in March last, a collection of 
apparatus for observing atmospheric electricity, principally that used 
at Eew hy Ronalds or subsequent observers. 

A list of the various objects with references is printed in the 
oatalogne prepared by the Society.* 

* Sm * Quartorl^r Journal,’ vol. 14, p. 235. 

0 2 
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Eitiennon of the Budding, --The Chief Comnissioner of Works and 
Pablio Buildhigs having granted permission for the Committee to 
nndertake the ereotion of the additional storej to the east wing of the 
Observatory as mentioned in last year’s Report., and having instraofced 
Mr. Lessels, surveyor to the Board, to prepare the necessary drawings, 
plans, tenders were invited from the principal local bnilders 
for the work. That of Messrs. J. Doroy and Co., of Brentford, for 
£154, was accepted, and operations were commenced on July 23rd. 
They have now been completed under the superintendence of Mr, 
Chart, H.M. Commissioners’ Clerk of Works for the Hampton Court 
and Kew District, and Mr. Allen, his Assistant. 

hihrary . — During the year the library has received as presents the 
publications of — 

22 Scientific Societies and Institutions of Great Britain and Ire- 
land, and 

95 Foreign and Colonial Scientific Establishments, as well as 
numerous private individuals $ 

The reference set of *Phil. Trans.’ has been bound in cloth boards 
to correspond with the covers of the volumes as now issued by tbe 
Royal Society. 

Old Mural Quadrant,— When in 1840 the astronomical instruments 
forming the equipment of George Ill’s Observatory, were removed to 
Armagh, it was found impraoticable to take away the 8-feet mural 
quadrant by Sissons, on acconnt of its being too large to pass through 
the doors or windows of the room in which it was placed. 

Recently, advantage was taken of the removal of the roof of the 
east wing of the Observatory to hoist it out and convey it to the 
Stores in the Office of Works at Kew, where it is now deposited. The 
Committee propose its ultimate consignment to the Loon Collection 
of Scientific Apparatus at South Kensington. 

The stone wall which served for its support has been utilised as a 
bearer for a new gallciy, providing an additional area of 29 feet long 
by 7 feet wide, which it is intended to devote to the Department for 
the Yerification of Hydrometers. 

Workthep , — The machine tools procured for the use of the Kew 
Observatory by grants from the Government Grant Fund or the 
Donation Fund, have been duly kept in order. 

HbiMo, Grounds, and Footpath , — These have all been kept as usual 
daring the year. 

A Norton’s tube-well has been driven and a pump erected in order 
to obtain an increased water supply, the Observatory not being in 
connexion with the mains of Richmond. 
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Personal Establibhuent. 

The fitaff employed is as follows : — 

Q. M. Whipple, B.Sc., Superintendent. 

T. W. Baker, Chief Assistant. 

H. McLaughlin, Librarian. 

E. O. Constable, Observations and Bating, 

W. Hugo, Verification Department. 

J. Foster „ „ 

T. Gunter. 

W. J. Boxall, and five other Assistants. 

The Committee feel that they cannot permit the lamented death of 
Professor Balfour Stewart to pass unnoticed. 

Professor Stewart's connexion with the Oliscrvatory originated in 
1856, when it was under the control of the British Association. In 
Febmary of that year he joined the staff as an Assistant Observer to 
Mr. John Welsh ; his stay was, however, short, as he left soon after in 
October to become Assistant to Professor Forbes at Edinburgh, but 
returned in 1859 as the Superinieudeiit, accepting the appointment 
when offered him on the death of Mr. Welsh. He relinquished the 
superintendence in 1871, in order to reside at Manchester as Pro- 
fessor of Physics in Owens College, but maintained a most lively 
interest in the operations of the Observatory, especially in the 
solar and magnetic work, being engaged in a discussion of certain of 
the Kew magnetic observations even up to the time of his death. 
The most important of his papers referring to these and similar obser- 
vations are enumerated in the appendix to Mr. Scott’s ** History of 
the Kew Observatory.”* 

(Signed) Wabbek de la Rub, Chairtnan . 
November 27fA, 1888. 


• See * Boy. Soo. Proo.,’ toI. 89, pp. 87-86 (1886). 
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APPENDIX I. 

Magnetic Ohservationa made at the Kew Ohaervatory, Lai, 51” 28' 6" N. 

Lofig, O'* 1"* 16" 1 W.yfor the year October 1887 to St^ptemher 1888, 

The observationB of Deflection anti Vibration f^ven in the annexed 
Tablen were all made with the Collimator Magnet marked K C 1 , and 
the Kow 9-inch Uxiifllar Magnetometer by Jonce. 

The Declination observations have also been made with the same 
Magno tome ter, Collimator Magnet N E being employed for the purpose. 

The Dip observations were made with Dip-circle JJarrow No. 33, the 
needles 1 and 2 only being used ; thoso aro 3^ inches in length. 

The results of the observations of Deflection and Vibration give the 
values of the Horizontal Force, which, being combined with the Dip 
obaorvatious, furnish the Vortical and Total Forces. 

These are expressed in both English and metrical scales — the unit in 
the first being one foot, one second of moan solar time, and one grain ; 
and in the other one millimetre, one second of time, and one milligramme, 
the factor for retlucing the English to metric values being 0*46108. 

By request, the corresponding values in C.G.S. measure are also given. 

The value of log employed in the reduction is 1*04365 at tem- 
perature 00" P. 

The induction-coefficient fi is 0 000194. 

The correction of the magnetic power for temperature t^ to an 
adopted standard temperature of 35” F. is 

0*0001194(^0-35) +0*000, 000, 213(fo-35)*. 

The true distances between the centres of the deflecting and deflected 
magnets, when the former is placed at the divisions of the deflection- 
bar marked 1*0 foot and 1*3 feet, are 1*000075 feet and 1*300097 feet 
respectively. 

The times of vibration given in the Table are each derived freon 
the mean of 14 observations of the time occupied by the magnet in 
making 100 vibrations, corrections being applied for the torsion-force 
of the suspension-thread subsequently. 

No corrections have been made for rate of chronometer or aro of 
vibration, these being always vei^ small. 

The value of the constant F, employed in the formula of roduotion 

In each observation of absolute Declination the iustrumental read- 
ings have been referred to marks made upon the stone obelisk erected 
1|250 feet north of the Observatory as a meridian mark, the oriental ion 
of which, with respoot to the Magnetometer, has been carefully 
determined. 

_The observations have been made and reduced by Mr. T. W. Bakor. 
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Table L 


Observations of Inclination or Dip. 
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Table II. 

Observations for the Absolute Measurement of Horizontal Force. 


Month. 

T m 

mean. 

Log tnK 
mean. 

Value of w*. 

1887. 




October S7th 

9*12043 

0 80726 

0-&1743 

Norembcr 30th 

9*12030 

0 30776 

0 '61761 

December 30th 

9*12012 

0-30796 

0*51765 

1888 




January 30th 

0*11995 

0*30803 

0-61700 

February 28th 

9*12015 

0 30813 

0 61777 

March 29th 

9*11981 

0*30826 

U-&]7(i4 

April 20ih 

9 *11980 

0 30817 

0-61764 

May 25th and 28Lh 

0*11960 

0*30832 

0 61766 

J unc 30th 

0*11076 

0 *30859 

0 -61782 

July 30th 

0*12008 

0*30840 

0-61780 

August 2Ath 

0*11086 

0 *30823 

0 51767 

September 26th 

9-12022 

0*30793 

1 

0-51770 


Table HI. -Solar Diurnal Range *if the Kcw Doolination iis doriveil 
from selected qiiiesccmt days. 


Hour 

Summer 

nionu. 

inter 

mean. 

Annua! 

mean. 

1888. 




Midnight 

-0*7 

-0*7 

-0*7 

1 

-0*6 

-0*6 

-0*6 

2 


-0 3 

-0 5 


-1*1 

-0 6 

-0 8 

4 

-2 0 

-0*2 

-1 *1 

5 

-2 6 

-0*1 

-1*4 

Q 

-3 4 

'•O 3 

-1 *8 

7 

3*9 

-0*7 

-2 3 

6 

-4*0 

-1*3 

-2*6 

9 

-3*6 

-1*3 

-2*4 



-0*8 

-0 9 

11 

+ 1*8 

-0*2 

+ 0*8 

Noon 

+ 4 2 

+ 1 *3 

+ 2*8 

13 

+ 6*9 

+ 2*8 

+ 4*4 

14 

+ 5 4 

+ 2*0 

+ 3*7 

15 

+ 4*3 

+ 1*2 

+ 2*8 

16 

+ 2*7 

+ 0*6 

+ 1*7 

17 

+ 1 *2 

+ 0*3 

+ 0*8 

18 

+ 0*1 


0*0 

19 

-0 1 

-0 7 

-0*4 


-0*3 

-0*7 

-0*6 

21 

-0*4 

-0*8 

-0*6 

22 

-0*6 

-1*0 

-0*8 

23 

-1*1 

-1*0 

-1*0 


a MwinAfpietio roomant of vibntioig magneL 


o S 
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Meteorological OfaservatioiiB. — Table L 
Mean Montblj resnlts. 
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The above Table is extracted from the “ Hourly Readings," vols. 1887-88, of the Meteorological Office, by per- 
miiwion of the Meteorological Council. 

* Bednoed to 32** at M.S.1/. 
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Seport of the Kevt Committee, 



at 10 A.X. dailjr bj ganga 1'75 feet aboTe earface of gr^pnd. f An legistered by the anemograph. 



Meteorological Obserratioxis. — Table III. 
Kew Observatory. 


lUpoti of the Kew CammUee* 



* As indicated by a Sobmuon'B anexnograpb, 70 feet above the general surface of the grjuiid. 
t Isetnimeat dismounted for two days. 
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Repori <ff the Kevt CmmiUee, 


Table IV. 

Snmmary of Sun-spot Observations made at the Kew Observatoty. 


Mouths. 

Days o! 
obsi‘rvation. 

Number of 
new groups 
enumerate. 

Days with- 
out spots. 

1887. 




October 

17 

2 

10 

I^ovember 

14 

2 

10 

December 

12 

i 

4 

1888. 




eTanuary 

9 

4 

8 

Fobruaiy 

6 

2 

8 

March 

10 

2 

4 

April 

9 

6 

2 

Maj 

19 

1 

14 

June 

11 

2 

8 

July 

8 

1 

6 

August • . 

16 

4 

7 

September 

19 

8 

6 

Totals 

150 

82 

78 
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EtKSiTLTS OK Watch Tbialb. Perfonnanoe of the 31 W atches which obtained the highest number of marks during the year. 
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APPENDIX IV. 


List of InBtra^ntB, Apparatos, Ac., the Property of the Kew Com* 
mittee, at the present date ont of the cuaiodj of the Snperintendeiii« 
on Loan. 


To whom lent. 

Ariiclee. 

jr, 

PorLaMit TvanMt T|ia^.*nniAnt 

The Science end Art 
Depertment, South 
Keniington. 

i 

The articles tpeoiSod in the list in the Annual 
Report for 1876, with the exception of the 
Photo- Heliograph, Pendulum Apparatus, 
Dip-Circle, Uuifllar, and Hodgkinson'e Acti- 
nometer. 

Lieutenant A Gordon, 
R.N. 

Unifllar Magnetometer by Jones, No. 102, 
complete, with three Magnets and DeSeotion 
Bar. 

Dip-Oirole, by Barrow, one Pair of Needles, 
and Magnetising Bars. 

One BiflUr Megn^meter. 

One DeeUnometer. 

Two Tripod Stands. 

General SirH. Lefroy. 
1LA.,F.H.S. 

Toronto DaUy Begisten for 1850-3 • 

ProfoMor W. Grylls 
Adanu, F.B.S. 

Dniftlar Magnetometer, by Jones, No. 101, 
complete. 

Pair O-inch IMp-Needlet with Bar Magnets . . . 

Profeseor 0. L Lodge 

tTnifllar Magnetometer, by Jones, No. 106, 
complete. 

Barrow Dip-Oirole, No. S3, with two Needles, 
and Magnetising Bars. 

Tripod Stand. 

Hr. W. F. Rarrioon . 

Condensing lens and copper lamp chimney • . 

Oaptein W. de W. 
Abn^, F.B.8. 

Mason's Hygrometer, by Jones 

ProfeNor Bfleher . . . 

Tripod Stand 

Lord Rayleigh 

Standard Barometer 1 Adie, No. 065) 

Mr. L B* Oullniu . • 

Alt*Asimuth by Robiiiaon, 0. 42 
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Becemler 6, 1888. 

Professor G. G. STOKES, D.C.L., President, followed by 
Dr. W. POLE, Vice-President, in the Cbair. 

The President announced that he had appointed as Vice- Presi- 
dents — 

The Treasurer, 

Sir James Pa^t, 

Dr. Pole, 

Sir Henry Roscoo. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers wore read 

I. “Description of the Skull of an extinct Cai’iiivorous 
Marsupial of the size of a Leopard f^Thylacopardns amirahe^ 
Ow.), from a recently opened (Javc near the ‘Wellington 
Cave’ locality, New South Wales.” By Sir Kicharu Owbn, 
K.C.B., F.R.S., &c. Received October 12, 1888. 

[Publication deferred.] 


IL “The Pectoral Group of Muscles.” By Bertram C. A. 
WiNDLB, M.A., M.D. (Dub.), Professor of Anatomy in the 
(^een's College, Birmingham. Commiuiicated by Pro- 
fessor A. Macalister, P.R.S. Received October 25, 1888. 

(Abstract.) 

This paper is an attempt to explain the morphology of the pectoral 
group of mnsoles, and is based on the dissection of over fifty mammals, 
and on descriptions of others in various joarnals, Ac. 

The following are the chief oonclosions ; — 

1. That portion of the lateral sheet of muscle, pushed outwards in 
the form df a cone by the growth of the anterior limb-bud, which 
belongs to the ventral region, may be divided by radial lines of fission 
into three segments, vis., an anterior or mannbrial, a mesial or gladi- 
olar, and a posterioi* or abdominal. 

•OL. XLV. 


H 
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2. That the radial dirision ia of primary' imporhance is shown by 
the fact that each of these segmonts has its own nerve, vis., the 
anterior, a nerve oorresponding to external anterior thoracic of human 
anatomy ; the middle, internal anterior thoracic ; the poBterior, lateral 
thoracic. The first is definite in its oiigin and distribution, and the 
third in its origin, the second is less regular, and in correspondenoe 
with thia is a certain iudefiniteneSB of the lii^e of division between tlie 
second and third segments. 

3. The anterior segment may be subdivided into clavicnlRr or 
manubrial portions, and the posterior may also bo in two divisions, 
but these are not regarded as of primary value. 

4. Each segment may undergo a secondary lamination into super- 
ficial and deep parts, vis., anterior into anpcrficial and deep manu- 
brial, middle into gladiolar and costal, and posterior into superficial 
and deep aMominal. 

5. Superficial manubrial is always present and generally covers the 
others at its expanded insertion ; it may be distinct or fused with 
dr ep manubrial or gladiolar, or both. 

G. Veep manubrial may he absent, or present and distinct, or fused 
with, or just separable from, superficial. It may be fused with costal 
or very rarely with gladiolar, if the plane of manubrial lamination is 
more superficial than usual. The relation of this muscle to the so- 
called sterno-soapnlaris *’ is discussed, the autfacr being of opinion 
that the latter is subclavian in its nature. 

7. Gladiolar may be absent or nearly so. It may be distinct ov fused 
with superficial or deep manubrial, or with costal or abdominal. It 
is very often fused at its posterior border only witii costal, the two 
sheets being otherwise separate. 

8. Coated may arise from the edge of the sternum and the costal 
cartilages, from tho cartilages alone, or from the riba. It has a 
tendency as it deoreases in size to shift its origin farther oatwardB, 
and its inaeriion farther towards the shonjldcr. It m&>y ba fused 
with gladiolar or deep manubrial or abdominal. It may oonaist of 
two portions, anterior and posterior. 

9. Abdominal may be absent or double, and the two parts may 
overlie one another, or one may be anterior to the other. It may be 
fused with gladiolar or costal. It may be connected bj its entire 
outer 1:K>rder with the dorsal sheet, thus closing the axUhb or (ascicu)i 
may pass from one side to the other (achaelbogen). The origin, may 
wander outwards to the lower riba (pectoraHe quarlue). 

10. The parts above described are very variously esw^ged 
amongst mammalia. The oonditious obtaining are discussod wd 
exhibited in a tabular form. 

11. The various factors 0^*8 thus represented in man: — 
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t88&J md Tro/MmiBrnn of Light hy GIob^. 

SujpifrfioM fnanuhrial : oU^iculiff and ai^teriorpart ofpeciovnlis 
«aq;oi*» aonetimea separata from the remainder of the 
xnnacle. 

J)0ep mmuhrial: oooasionallf present as the peotoralig 
of Wenzel Oruber. 

Oladiolar : posterior, non-reflected part of pectoralU wajor. 

Coital: donhle pect<yralU minor, (2) deep reflecte<l part of 
pectoralia major. 

Abdominal: ocoasionallj pi^esent as peotoralis qriartns, or as 
some of the forma of achaelhogun. 


III. **SoTno Observations on the Amount of Llp^ht reflected and 
transmitted by certain kinds of Glass.” By Hir John 
Gonuoy, Bart., M.A., Bedford Lecturer of Balliol College' 
and Millard Lecturer of Trinity College, Oxford. Com- 
municated by A. G. Vernon IIarcourt, Esq., F.R.S. 
Received November fl, 1888 . 

(Abstract.) 

The experiments were commenced in order to determine the amount 
of light lost by transmission through glass. 

Plates of the same kind of glass, bat of different thickness, were 
taken, and the amount of light they transmitted determined, and 
from those values the percentage amounts reflected and obstructed 
calculated. 

The amount reflected from the first surface was also determined 
directly by measuring the relative intensities of the illumination pro- 
duced by two argand flames, when the light from both fell directly on 
the photometric surfaces, and when the light from one fell directly 
whilst thja,t from the other reached the photometer after reflection 
from the surface of the glass.. 

Sxperiments were also made to ascertain whether repoHshing 
altered ia any way the reflective power of the glass ; and the 
polsrisiug angles of the glass before and after ropolishing wore also 
determine 

Conoluaion*^ 

It seams probable that the amount of light reflected by freshly 
polished glass varies with the way in which it has been polished, and 
thst, if a perfect surface could be obtained without altering the 
rafnuitive index of the sui-faceJajer, then the amount would be 
apciurately given by Fresners formula, but that usually the amount 
dMfeve from that given by the formula, being sometoues greater and 
IMLptiiiseii im, 

. « H 2 
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Tbe fonnation of a film of lower refractive index on tbe glass 
would account for the defect in the reflected light ; but to account for 
the excess, it seems necessary to absume that the polishing has 
increased the optical density of the surface-layer, and the changes 
produced in the amount of light transmitted and in the angle of 
polarisation support thin view. 

After being polished, the surface of flint glass seems to alter some- 
what readily, the amount of the I'eflected light decreasing, and the 
amount of the transmitlcd increasing, whilst with crown glass the 
change, if any, proceeds very slowly. 

There is no evidence to show to what particular cause these 
changes are due. 

The values of the transmission coefficients for light of mean 
refrangibility for the two particular kinds of glass are given, and 
show that for 1 cm. the loss by obstruction amounts to 2'62 per cent, 
with the crown glass and 1*15 per cent, with the flint glass. 


IV. The Specific ReHistnnco and other Properties of Sulphur.” 
By Jamks MoNCKMAN, D.Sc. Communicated by Professor 
J. J. Thomson, F,R.S. Received November 10, 1888. 

[Publication deferred.] 


PreaentMf Decetnher 6, 1888. 

Transactions. 

Freibnrg-im-Breisgau : — Naturforschende Oesellschaft. Berichte. 

Bd. II. 8vo. Freiburg 1887. The Society, 

Qlouoester: — Ootteswold Naturalists’ Field Club. Proceedings. 
1887-1888. 8vo. Ohucester; Tbe Origin of the Ootteswold 
Field Club. By W. C. Lucy. 8vo. Oloucestar 1888. 

The Club. 

Haarlem: — Musce Teyler. Archives. 8vo. HarZem 1888; Cata- 
logue de la Bibliothdque. Livr. 7-8. 8vo. HwrUm 1887-88. 

The Museum. 

Halle:— Verein f fir Erdkunde. Mittheilnngen. 1881. 8vo. JTaZZe. 

1881. The Verein. 

Hamburg: — Natarbistorisehes Museum. Beriobt. 1887. 6vo. 

Ham burg 1888. The Museum, 

Helsingfors : — Finska Vetenskaps-Sooietet. Acta. Tom. XV, 
4to. Helnngfors 1888; Bidrag till Kftunedom af Finlands 
Natur ooh Folk. Bfiftet 45-47. 8vd. Hehingfore 1887-^ ; 
Ofversigt. XXVIII-XXIX. 8vo. HeUvngfm 1886-^7; Den 
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1888.] 

TvftDBaotio&fl (continued). 

Organisation och Yerksamhet. 1838-1888. 8vo. HeUingfors, 

The Society. 

Hertfordshire Katural History Society. Ti'ansactions. Vol. IV. 
PairtB 8-9. VoL Y. Part 1. 8vo. London 1888. 

The Society. 

Konigsberg Physikalisch-Okonomischc Gesellschaft. Schriftexi. 

Jahrg. XXVllI. 4to. Kihdgshertj 1888. The Society. 

Li&ge; — Sooidtc Uoyale des Soieiicos. MemoiroB. Ser. 2. Tome 
XY. 8vo. Bruxelles 1888. The Society. 

Liverpool: — ^Astronomical Society. Journal. Yol. VII. Parti. 

8vo. Liverpool 1888. The Society. 

London East India Association. Journal. Vol. XX. Nos. 3-5. 
8vo. London 1888. The Association. 

Entomologioal Society. Transactions. 1888. Part 3. 8vo. 

London, The Society. 

Institution of Mechanical Engincci's. Proceeding^. 1888. No. 2. 

8vo. London, The Institution. 

London Mathematical Society. Proceedings. Yol. XIX. Nos. 

314-316. 8 VO. London 1888. The Society 

lioyal Medical and Chirurgical Society. Medico-0 hirnrgical 

Transactions. Yol. LXXI. 8vo. Jjondon 1886. The Society. 
Upsala: — Universitet. Arsskrift. 1887. 8vo. I^saZa [1888]. 

The University. 

Vienna : — Anthropologische Qesollschaft. Mittheiluugeu. Bd. 
XVIIL Hefte2^. 4to. Wien IS8S, The Society 

K. Akademie der Wissenschaften. Denkschriften (Math.- 
Natorw. ClasseJ Bd. Llll. 4to. Wien 1887 ; Denkschriften 
(Philo8..Histor. Class©). Bd. XXXVI. 4to. Wien 1888; 
Bitsungsberichte (Math.-Naiurw. Classo), Abth. 1. Jahtg. 
1887. Hefte 1-10. 8vo. Wien 1887-88. Abth. 2. Jahtg 
1887. Hefte 3-10. 8vo. Wien 1887-88. Abth. 3. Jahrg 
1887, Hefte I-IO. 8vo. Wieth 1887-88; Sitzungsborichte 
(Philoa.-Histor. Ciasse). Jahrg. 1887. Hofte 2-3. 8vo. Wiet^ 
1887-88 ; Almanach, 1887. 8vo. Wien, The Academy. 

K. K. Geologische Aeichsaiistalt. Jalirbnch. Bd. XXXYII. 
Hefte 3-4. Bd. XXXYIll. Heft 3. 8vo. Wien 1888. 

The Institute. 

K. K. Natarhistorisches Hofinuseum. Annalen. Bd. HI. Nr. 2. 
8vo. Wien 1888. The Museum. 


Basset (A. B.) A Treatise on Hydrodynamics. Yol. II. 8vu. 
Ccmhvidgc 1888. The Author. 
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Bristowe (J, S.>, F.B,S. Difleases of the Benrona Byateitt. Byo. 

Jjtmi&n 1888. The Author. 

Capellini (Prof.) Bestt ForsUi di Dioplodou e Meaoplodon. 4to. 
Bolopna 188ft ; Ottavo Centenario dello Studio di Bologna. 8yo. 
Bol^na 1888, With five KxOerpts iu addition, ito. Bologna 

1878^. TheAuthor. 

Ktheridge (R.), F.R.S. FoRsila of the British Islands. Vol. I. 

Palaosoic. 4to. London 1888. The Author. 

Gordon (0. A.) The Vivisection Controversy in Parliamont. 8vo, 
London 1888. The Author. 

Jones (T. B.), F.11.S., and .H. Woodward, F.R.S. An tTndesOribed 
Carboniferous Fossil. 8vo. London 1868. With two other 
Excerpts in 8vo. Prof. Jones, F.Et.S. 

King (O.), F.R.S. The Species of Ficus of the Indo«Malayan and 
Chiuese Countries. Part 2. Folio. Cakntta 1888. 

The Author. 

Letnoine (E.) l)e la Mesure de la Simplioitft dans les Bcienoes 
Math^matiques. 8vo. Oand 1888. With two Excerpts in 8to. 

The Author. 

Pitt-Bivers (A.), P.11.S. Excavations in Cranbomo Chaee. Vol. IL 
♦to. [Privately Printed] 1888, The Author. 

Smith (J. C.) The Culmination of the Science of Logic. 8vo. 

Brooklpt 1888. The Author. 

Symons (G. J.), F.R.S. The Floating Island in Derwentwateri its 
History and Mystery. 8m. 4to. London 1888. The Author. 
Tnimer (Sir W.), F.R.S. The Comparative Osteology of the Races 
of Men (and other papers, being certain Reports of the Voyage 
otH.M,S. “Challenger.’') 4to. 1884-86. 

The Author. 

Vemon-HareOurt (L. F.) Alpine Engineering. 8vo. London 1888. 

The Author. 
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DeimW 13, 1888. 

ProfoBSor O. G. STOKES, U.C.L., President, in the Chair. 

The Presents received were laid un the table, and thanks ordered 
for them. 

The following Papers were read : — 

1, “Spectrum Aualyeis of Cudmium.” By A. Ghunwald, 
Brofessor of Matlieiuatics in the Imp. Hoy. German Poly- 
technic University at Prague. Coinimmicated by Professor 
LlvmxG, F.11.S. Iteceived Novenibei* 26, 1888. 

[Publication deferred.] 


II. “ On the Bending and Vibration of thin elastic Shells, espe- 
cially of Cylindrical Form.” By Loud KayleigU) M.A., 
• D,C.L., Sec. R,S. Keceived Decemboi* 1, 1888* 

In a former pablicatiou* “On tfao Infinitesimal Bending of Snr- 
faces of Bevolatiuu,” t have applied the theory of bending to explain 
the deformation and vibration of thin olastic shells; which are syui- 
metrical about an axis, and have wui-ked out in detail the case wliei-e 
the shell is a portion of a sphere. The validity of this application 
depends entirely upon the principle that when the shell is thin 
enough and is vibmtiug in one of the graver possible modes, the 
middle surface behaves as if it wci'O iuextensible. “ When a ililu 
sheet of matter is subjected to sti^ess, the force which it opposes to 
extension is gt*eat in comparison with that which it opposes to bend- 
ing. tJnder oidinazy ciroumstances, the deformatiou takes place 
approximately as if the sheet were inextensiblo as a whole, a condi- 
tion which, in a remarkable degree, facilitates calculation, though 
(it need scarcely be said) even beading implies an extensiofi of all 
bulb the central layei*s.” H we fix our attention upon one of the 
terms involving sines or cosines of multiples of the longitude, into 
which, tteectdittg to Fotirfe^\» theorem, the whble defomatioki luhy 
be resolved, the condition of iuextensibility is almost enough tO 
define the type. If there are two edges, e.g^i imiiltUel to circles of lati- 

« 'London Msth. Sec. Troc^,' vd. IS, p. 4, Iforombor, 1681. 
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tude. the solution contains two arbitrary constants ; bat if a pole be 
included, as when the shell is in the form of a hemisphere, one of the 
constants vanishes, and the type of deformation is wholly determined, 
without regard to any other mechanical condition, to bo satistied at- 
the edge or elsewhere. It will be convenient to restate, analytically, 
the type of deformation arrived at [equation (5)]. If the point 
upon the middle surface, whose cooidinates W'ere originally a, 0, 
moves to a+£r, 0 + ^0, the solution is 

^0 = A tan'^0 cos S0 ^ 

= - A siu 0 tari'^t? sin 80 > (1), 

Aa (8+ cos 0) sin 80 J 

B being the colatitudo measured from the pole through which the 
shell is complete. Any intcgiul value higher than unity is admis- 
sible for 8, The value 0 and 1 correspond to displacements not 
involving strain. 

In a recent paper* Mr. Love dissents from the general principle 
involved in the theory above briefly sketohod, and rejects the special 
solutions fonnded upon it as inapplicable to the vibration of thin 
shells. The argument upon which I proceeded in my former paper, 
and which still seems to me valid, may be put thus : It is a general 
lucchanical principlet that, if given displacements (not suflicient by 
themselves to detemine the conflgnration) be produced in a system 
originally in equilibrium by forces of corresponding types, the result- 
ing deformation is determined by the condition that the potential 
energy of deformation shall be as small as possible. Apply this to an 
elastic shell, the given displacements being such as not of themselvos 
to involve a slretohing of the middle surface. $ The resulting 
deformation will, in general, include both stretching and bending, 
and any expression for the energy will contain corresponding terms 
pi*oportional to the first and third powers respectively of the thick- 
ness. This energy is to be as small as possible. Hence, when the 
thickness is diminished without limit, the actual displacement will be 
one of pure bending, if such there bo, consistent with the given coii- 
ditiouB. Otherwise the enei^y would be of the first order (in 
thickness) instead of, os it might be, of the third order, in violation 
of the principle. 

It will be seen that this argument takes no account of special 
conditions to be satisfied at the edge of the shell. This is the point 
at which Mr. Love oonoentrates bis objections. He considers that 

* “ On the email free Vibratione and Deibrmation of a thin elaitic SheU," * FbU. 

A, 1988. 

t * PhU. Mag./ March, 1875 ; ^ Theory of Sound/ § 74. 

X There an caeee when no displacement (involving strain at all) is possible 
without stretching of ibe middle smrfaoe, e.y., that of the complete sphere. 
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the general condition neoeasarj to be satisfied at a free edge is in 
fact violated by such a deformation as (1). Bat the condition in 
question* contains terms proportional to the first and to the third 
powers respectively of the thickness, the coefficients of the former 
mvolring as factors the extensions and shear of the middle surface. 
It appears to me that when the thickness is diminished without limit, 
the fulfilment of the boundary condition requires only that the middle 
sarface be nnstretchod, precisely the requirement satisfied by solutions 
saoh as (1). 

Of course, so long as the thickness is finite, the forces in operation 
will entail some stretching of the middle surface, and the amount of 
this stretching will depend on circa mstances. A good example is 
afforded by a circular cylinder with plane edges perpendicular to the 
axis. Let normal forces locally applied at the extremities of one 
diameter of the central section cause a given shortening of that 
diameter. That the potential energy may be a minimum, the de- 
formation mast assume more and more the character of mere bending 
as the thickness is reduced. The only kind of bonding that can occar 
in this case is the purely eylindiical one in which every normal 
section is similarly deformed, and then the potential energy is propoi*- 
tional to the total length of the cylinder. We see, therefore, that if 
the cylinder be very long, the energy of bending corresponding to the 
given local contraction of the central diameter may become very 
great, and a heavy strain is thrown upon the principle that the 
deformation of miuimnm energy is one of pure bending. 

If the small thickness of the shell be regarded as given, a point 
will at last be attained when the energy can be made least by a 
sensible local stretching of the middle surface such as will dispexise 
with the uniform bending otherwise necessary over so great a length. 
But even in this extreme case it seems correct to say that, when tlie 
thickness is aufflciently roduced, the deformation tends to become one 
of pure bending. 

At first sight it may appear strange that of two tei*ms in an ez- 
preasiou of the potential energy, the one proportional to the cube of 
the thickness is to be retained, wliile that proportional to the first 
]icwer may be omitted. The fact, however, is that the large potential 
energy which would accompany any stretching of the middle surface 
is the very reason why such stretching will not occur. The compara- 
tive largeness of the coefficient (proportional to the first power of the 
thickness) is more than neutralised by the smallness of the stretohing 
itself, to the square of which the energy is proportional. 

In general, if be the coordinate measunng the violation of the 
tie which is supposed to be more and more insisted upon by increasing 


* See his equation (88). 
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tad it the othe^ oodvdih'atel hd suitably tihbbciU, the poteutial 
energy lof the jiijiiteUi may be ekptessed 

Tlas follows from the general theorem that V nUd T may 
alwayfl be rednoed to sums of squares sitaiplji if v^e suppose that 
T s= 

The equations of equilibrium under the action of external forces 

= ♦2«=C!iV's 

hence if the foi'cea are regarded as given, the effect of increasing 
without limit is not merely to annul yr^, but also the term in V which 
depends upon it. 

An example might be taken from the case of a rod clamped at one 
end A, and deflected a lateral force, whose stiffness from the end 
A up to a neighbouxing place B, is conceived to increase indefinitely. 
In the limit we may regard the rod as clamped at B, and neglect the 
energy of the port AB, in spite of, or rather in consequence of, its 
infinite stiffness. 

If it be admitted that the deformations to be considered are pure 
bendings, the next step is the calculation of the potential energy 
corresponding thereto. In my former paper, the only case for which 
this part of the problem was attempted was that of the sphere. 
After bending, 'Hhe principal curvatures differ from the original 
curvature of the sphere in opposite directions, and to an equal amount,* 
and the potential energy of bending oorresponding to any element of 
the surface is proportional to the square of this excess or defect of 
curvature, without regard to the direction of the principal planes.’* 
Though he agrees with my conclusions, Mr. Love appears to regard 
the ai;guin6nt as insuflloimt. But clearly in the case of a given 
spherical shell, there are no other elements upon which the energy of 
bending could depend. '‘Thus the energy corresponding te the 
element of surface a^8m^dfld0 may be denoted by 

o*H(«p-i)a8in^de^d0 (2), 

where K de^endt uj»on the material tad upon the thickness.'” 

fiy the nature of the case H is proportional to the elastic constants 
and t/p the cube of the thickness, mm which it follows by the method 
of dimensions that it is independent of a, the radius of the sphere. 

* Tbit n in virtue af Gsum’i theorem that the product of the ptincipal ourva- 
turee is unaffected by bending. 
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I did ndi, lit the time, e.tiein|>t the ftirtfaer detemihatimi ot U, not 
needing it for my immediate pairpose. 1ft. Love has ahown that 

( 3 ), 

where 2h represenfs the thicknesa, and n is the constant of rigidity. 
Why n alone should occur, to the exclusion of the constant of com- 
pressibility, will pi^eseiitly ap(>ear more clearly. 

The application of (2) to the displacements expressed in (1) gave 


[equation (18)] 

V = 27r2 («*—«) A,® [*II flin“*0 tan^'^ddEd (4), 

Jo 

0 being the oo latitude of the (circular) edge. In the case of the 
hemisphere of uniform thickness 

V = I vHS (s»- «) (2s»- 1) A,2 (5), 


The calculation of the pitch of free vibration then presented no 
diffionhy. If a denote the superficial density, and cosp^ represent the 
type of vibration, corresponding to < =s 2, p 3 to # = 3, and so on, it 
appeared that 

^•2^- J’s ^ X a8‘*<52 ; 

BO that 

Ps/Ps " 2 ' 8102 > Pi/p8 ~ *>' 4316 , 

determining the intervals between the graver notes. 

If the form of the shell be Other than spherioiil, the middle surface 
is no longer symmetrical with respect to the normal at any point, and 
the expression of the potential energy is more complicated. The 
qaeation is now not merely one of the curvature of ike deformed 
surface; account must also be taken of the correspondence of normal 
sections before and after deformation.* A complete investigation 
has been given by Love ; but the treatment of the question now to be 
explained, even if less rigorous, may help to throw light upon this 
somewhat diflioult subject. 

Zn the actual deformation of a material sheet of finite extent there 
will usually he at any point not merely a displacement of the point 
itsdf, but a rotation of the neighbouring parts of the sheet, such as a 

exheUiB eslM may serve m an muBtration. fiup^e that the bSYiditig it 
taoh that the priSoipid planoB retain tiieir poBttionB relatiTrij to the nMerlal Bur^ 
face, but that the principal curratureB are exohanfed. The nature of the ottfVatuTe 
at the point in question it the Bame after deformation as before, and by s rotation 
thnn>|fh Wf roOnd the normal the BUrfaooB may be made to fit ; novertholeBB the 
ene^ of Wdihg is fitoitt. 
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rigid body may undergo. All thie contributes nothing to the energy. 
In order to take the question in its simplest form, let us refer the 
original surface to the normal and principal tangents at the point in 
question as axes of coordinates, and let us suppose that after deforma- 
tion, the lines in the sheet originally coincident with the principal 
tangents are brought back (if ueccMsaiy) to occupy the same positions 
as at first. The possibility of this will be apparent when it is re- 
membered that in vii*tue of the inextensibility of the sheot, the angles 
of intersection of all lines traced upon it 1 ‘emaiu unaltered* The 
equation of the original surface in the neighbourhood of the point 
being 



that of the deformed surface may be written 

<’>■ 

In Btriotne88(pi + curvatures of the sections 

made by the planes a; == 0, y = 0; but since principal curvatures are 
a maximum or a minimum, they represent with sufficient accuracy 
the new principal curvatures, although these are to bo found in 
slightly different planes. The condition of inextensibility shows that 
points which have the same x and y in (6) and (7) are correspondiny 
2 >oints, and by Gauss's theorem it is farther necessary that 


= 0 ( 8 ). 

It thus appears that the energy of bending will depend upon two 
quantities, one giving the alterations of principal curvature, and the 
other T depending upon the shift (in the material) of the principal 
planes. 

In calculating the energy we may regard it as due to the strelohitiga 
and contractions under tangential foices of the various infinitely thin 
laminss into which the shell may be divided. The middle lamina 
being unstrotebed, makes no contribution. Of the other laminm, the 
stretching is in proportion to the distance from the middle surfMe, 
and the energy of stretching is therefore as the square of this 
distance. When the integration over the whole thickness of the shell 
is carried out, the result is accordingly proportional to the cube of 
the thickness. 

The next step is to estimate more'preoisely the energy oori*espond- 
ing to a small element of area of a lamina. The general equations in 
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tbne dimensionB, u giren in Thomson and Tait’s ' Natnml Philosophy,’ 
§ 694, are 

fia = S, nb = T, nc ssTJ (9) 

Me = P-ir(Q+R)') 

M/ = Q-^ (R+P) \ (10), 

Mj=!R-<r (P-»-Q)J 

where ^=*^- (^1)* 

The energy w, corresponding to the nnit of volnmo, is given by 
2w = (m+n) («*+/•+?*) 

+ 2 («i— n) (/gr+ye+e/)+»(a»+I»®+c*) (12). 

In the application to a lamina, supposed parallel to xy, we ara to 
take R s 0, S = 0, T = 0 ; so that 


a = 0, 


ft = 0. 


Thns in terms of the elongations e, f, parallel to x, y, and of the 
shear e, we get 


. - . { (,+/)•+ * } (13). 


We have now to expreRR tho elongatlonR of the varioaa laTnitio) of a 
ahell when bent, and we will begin with the caae where t = 0, that is, 
when the principal planes of cnrv'atare remain unchanged. It is 
evident that in this case the shear c vaniHhos, and we have to deal 
only with the elongations e and / parallel to the axes. In the seotion 
by the plane of gw, let s, s' denote corresponding infinitoly small 
ares of the middle surface and of a lamina distant h from it. If ^ 
be the angle between the terminal normals, s = s = (pi+^) 
f'— « 3s % yr. In tho bending, which leaves s unchanged, 


Hence 


U' s= = hs^ 


and in like manner/ » (I/P 2 )* Thns for the energy U per unit of 

area we have 


* 1C U Yonng'c modulus, 9 it Poisson's ratio, a is the constant of rigidity, 
eed (ss— ta) that of cubio oompressibilitj. In terms of Laml's constants p), 
m *• X+p, a i« p. 
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and on integration over the whole thiohness of the shell (2h) * 


U = 


2nh» 




Thm conclnsion jimy be applied at once, so as to give tbe resalt 
applicable to a spherical shell ; for, since the original principal planes 
ai*e arbitrary, they can be taken so as to coincide with the principal 
planes after bending. Thus r =: 0 ; and by Gauss's theorem 


80 that 


^ 0 , 

Pi P2 




(15), 


where denotes the change of principal cnrvatnre. Since e 
ff ^0, the various lamin&e are simply sheared, ai^ that in proportion 
to their distance from the middle surface* The energy is thus a 
fanction of the constant of rigidity only. 

The resolt (14) is applicable directly to tho plane plato ; but this 
case is peculiar in that, on account of the infinitude of p|, pj (8) is 
satisfied without any relation between ^pi and Thus for a plane 
plate 

ti.^{vv=?‘('-+-y} (w), 


V here are the two independent principal ourvetures aftei* 

bending. 


We hare thus tar considered t to vanish ; and it re^iains to inves- 
tigate tbe effect of the deformations expressed bj 

sr (17), 

where if relate to new axes inclined at to those of a;, y* The 
curvatures defined by (17) are in the planes of if, equal in nnmerical 
value and opposite in sign. The elongations in these directions for 


e It ifl hero asiuniAd that m and n are independent of Xf, that ii, that the material 
U hpmogeneou«. If wa dkosrd thii restHctionr we viay form the ooBoepticvi oC a 
shell of giren thidmess, wliose middle surface is physically inexienfible, whilf yet 
the resistance to bonding is moderate. In this way we may realise tbe types of 
defonaation diicwed in the prevent pspsr» viikpat^ ^i9kn$i9 f o* be 

mall ; and the independence of moh types Upon CQnditipns to be MdmApd 
at a free edge is perhaps rendered more apparent. 
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^nj lamina nriihin the tliickness of the nhell are hr, —hr, end the 
OOTTBSponding energy (as in the case of the sphere just considered) 
ti^es the form 

(18). 


This energy is to be added* to that already found in (14) ; and we 
get finally 

the complete expression of the energy, when the deformation is 
auoh that the middle surface is unextended. We may interpret t by 
means of the angle Xt through which principal planes are shifted ; 
i}bu8 

T = 2xf---) (20). 

\Pa /'i/ 


Tt will now he in our power to treat more completely a problem of 
great interest, viz., the deformation and vibration of a eylindrical 
shell. Tn my former paper I investigated the types of bonding, but 
without a calculation of tho {Corresponding energy. The results were 
as follows. t If the oyliudor bo referred to oolumuar coordinates 
s, r, 0, so that the displacements of a point whoso equilibrium co- 
ordinates arer, a, 0 are denoted by a^0, the equations express- 
ing inextensilnlity take the form 


dz 


= 0 , 




from which we may deduce 


dgg0 

cfe* 


0 


(22). 


By (22), i£ ^oc c(ia«0, we may take 

3? (Afa+ Bjs) 008 s0s • • • (23), 

and then, by (21) 

^ ^ 8 (Aia+BfS) sin s0 (24), 

Bss =: sin s0 (25). 


* There are olearly no terms ixiroWing the produoti of r with the ohanget of 
principal curvature i(pr‘), ; f*r a ohange in the sign of t can have no 

ipfiataoe upon the energy d the defoemation dsAnod by (7)* 
t Tbe method of inveatigation is similar to that employed by Jellet in his 
memoir ('* On the Properties of Inextensible SurTaees * Irish Acad, Trans./ to). 22, 
lftS5, p. 170), to which refexeBce shoukt hs^re hew ms4% 
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If the cylinder be complete, s is integral ; A, and are independent 
constants, either of which may Tanlsh. In the latter case the dis- 
placement 18 in two dimensions only.* It is nnneoessary to atop to 
consider the demoDstrations of (21), inasmuch as these equations 
will present themselves independently in the course of the investiga- 
tions which follows. 

It will be convenient to replace ^ 2 , dr, by single letters, which, 
however, it is difficult to choose so as not to violate some of the usual 
conventions. In conformity with Mr. Love’s general notation, I will 
write 

ad0 = u, dr = 10 (26). 

The problem before us is the expression of the changes of principal 
curvature and shifts of principal planes at any point P ( 0 , 0) of the 
cylinder in terms of the displacements v, w. As in (6), take as 
fixed co-ordinate axes the principal tangents and normal to the 
undisturbed cylinder at the point P, the axis of x being parallel to 
that of the cylinder, that of y tangential to the circular section, and 
that of normal, measured inwards. If, as it will bo convenient to 
do, we measnre 0 and 0 from the point P, we may express the nndis* 
turbed coordinates of a material point Q iu the neighbourhood of P, 
by 

» = *. y = o0i f = (27). 

During the displacement the ooordinatos of Q will receive the 
increments 


t», 10 sin 0+v COB0, •^i0COB0+v Bin0; 

so that after displacement 

X = *+u, y 3S8 a0+i00+n(l— 

or if u, V, w be expanded in powers of the small quantities 0 , 0, 


(“)• 

y « (aUj. 


* See 'Tfaeoxy of Sound/ § 288 . 
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„ , dio due ,, , 


.1 tA X Q -L I 


+ dz*«‘+— ^ 




(80), 


tCQ, Vq, . . . being the yolaos of v at the point P. 

These equations give the coordinates of the yarious points of the 
deformed sheet. We have now to suppose the sheet moyed as a rigid 
bod}*’ so as to restore the position (as far as tho first power of small 
quantities is concerned) of points infinitely near P. A purely translatory 
motion by which the displaced P is brought back to its original posi- 
tion will be expressed by tho simple omission in (28), (29), (30) of 
the terms respectively, which are indopondont of 0 . Tho 

effect of an arbitrary rotation is represented by the additions to 
•^x Vi f I'espoctivcly of yO^ — fdg, — yO ^ ; where for the 

present purpose 0^, 0^^ 0^ are small quantities of the order of the 
deformation, the square of which is to be neglected throughout. If 
we make those additions to (28), &c., substituting for in tho 

terms coutaluiug 0 their approximate values, we find so far ns the 
first powers of z, 0 


X 


du du . ^ ^ 


y = 


dv 

dz. 


s + 


dv 

'Ml 




r 


dw dw 

-j^z—j^+v^+zOi’-cupOi. 


d0o 


Now, since the sheet is assumed to be inextensible, it must be pos- 
sible so to determine tfj, dg, ^>3 that to this order » = «,//=: a 0 , {f = 0 . 


Hence 


dtt 

Iz^ 



H 

0 


-04 = 0 , 


0 

II 

+ 

^-. 0 + 0 ., * 0 . 


The conditions of inextensibility are thus (if we drop the suffices 
as no longer required) 
yi9h. XLV, 


1 
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On th* 

du , do 
dp'^^do ” 


[Doo. ]8> 
0... (31), 


whi'oh agree with (21). 

Botnrning to (28), as modified by the addition of the trans- 
laiory and rotatory terms, we got 

X ss 18 + terms of 2Dd order in 2 , 0, 


y = a^-h 


ff 


Wtn 



Z0 



0»+ 



dv 


0^: 


or since by (31) d^jdz^ = 0, and £fe/<i0 =s — w, 

The equation of the deformed surface after transference is thus 

rl dv 1 1 ^ . f 1 1 1 d%l 

^ ^ I2a J * * ** ^ 

Comparing with (7) we see that 

1 .1 1/ , 1/dv 

»-_ 0 , ]’ 

HO that (19) 

„ 4f»W f m 1 / , d*w\* , (do ,... 

3tt« lTO+Wtt3V'''^d0s) ■*■((& 5^30/ / 


This is the potential energy of bending reckoned per unit of area. 
It can if desired be expressed by (31) entirely in terms of 

We will now apply (24) to calculate the whole potential energy of 
a complete cylinder, bounded by plane edges s = +i^t and of thick. 

* From Mr. Lore’s general equations (12), (13), (IS) a concordaol result may be 
obtained by introduction of the speoial conditions — 

Ai»“0, Ag->l/a, l/p|a>0, l/p9«>l/a, 

limiting the problem to the case of the cylinder, and of those 

Cl ■■ oj 0, 

aliich express the iuextensibility of tlie middle surface. 
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ness which, if vaiiable at all, is a fonction of » only. Since v, to 
are periodic when 0 increasee by 23r, their most general expression in 
accordance with (31) is [compare (23), &c.] 

V s= 2[(A,a+ B,r) cos ^— ( A,'a+ B/a) sin s0] (36) , 

%0 rs 2[s (Aja-f*B,z) sinfl0+« (Ai'a+B/a) coatf0]. . .. (36), 

u =s 2[— ains0— s"*B/tt coss0] (37), 


in which the summation extends to all integral valaes of a from 0 
to oo. Bat the displacements corresponding to s = 0, « = 1 aie 
such as a rigid body might undergo, and involve no absorption of 
energy. When the values of «, e, w arc substituted in (34) all the 
terms containing products of sines or cosines with different valaes of 
9 vanish in the integration with respect to 0, as do also those which 
contain cos s0 sin «0. Accordingly 



4nrn}fi 

8a 


m 1 
a* 


2 




{ (A,a+B,»)» + (A;a+B;*)*}+2 (**-!)» (»-*+»,")] .. (38). 


Thus far we might consider A to be a function of z ; but we will now 
treat it as a constant. In the integration with respect to s the odd 
powers of s will disappear, and we get as the energy of the whole 
cylinder of radius a, length 2Z, and thickness 2^, 

ij J UacZ0ds 


3a 




+ (B.*+B;»)} + B,*+B;»] (39), 


in which s = 2, 3, 4, . . . . 


The expression (39) for the potential energy suffices for the solu- 
tion of statical problems. As an example we will suppose that tho 
cylinder is compressed along a diameter by' equal forces F, applied at 
the points s s: 0 = 0, 0 = v, although it is true that so highly 

localised a force hardly comes within the scope of the investigation in 
oonseqnenoe of the stretchings of the middle surface, which will 
# 1 2 
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oocur in the immediate ueiglibonrhood of the points of applica- 
tion.* 

The work done upon the cylinder by the forces F daring the 
hypothetical displacement indicated by 5A,, Ac., will be by (36) 

— FSs (H-coa#7r), 

BO that the equations of equilibrium are 


dv 

dk. 


= 0 . 


dv 

dB, 


= 0. 


dv 

dA7 


= — (l+coasir) saF, 


dv 

/iiv 


— (l+cossr) «5|F. 


Thus for all values of 

A, = B = 0; 


and for odd values of e, 


A/ = B/ = 0. 


But when a is even, 

A ' - _ 3m -F 
iu-h« * 8ir»/<®/(s2— 1)8 


(40). 


n?»- 


-h+i 

Lw-hn ott’* 


}b; = 


3»a;7iF 


(41) j 


and the displacement w at any point (z, 0) is given by 

w = 2(A3'a+lV*) cos 20+4 (A/a+B/a) cos 40+ (42), 

whero Ag', Bj', A^', . . . . are determined by (40), (41). 

If the cylinder bo moderately lotig in proportion to its diameter, 
the second term in the left hand member of (41) may be neglected, so 
that 

3tt3 Cj a 

In this case (42) may be written 

«>=(i+^)w a COB 20+4A4'a COB 40+ . . . (43), 


* Whatever the curvature of the surface, an area up^n it may be taken so small 
as to behave like a plane, and tborefore bend, in violation of Gauss's condition, when 
subjected to a foroe wliich is so nearly discontinuous that it varies sensibly within 
the area. 
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showing that, except as to magnitude and sign, tho curve of deforma- 
tion is the same for all values of and 0.* 

If 0 = + the amplitudes are in the ratio I + and if, 

further, z^ = 2, t.e., if the force bo applied at one of tho ends of the 
cylinder, tho amplitudes are as 2 : —1. Tho section where the 
deformation (as represented by w) is zero, is given by 8001 + 2® =: 0, 
in which if Si = 2, 0 = —^2. 

When tho condition as to tho length of tho cylinder is not imposed, 
tho ratio B/ : A,' is dependent upon 0, and therefore the curves of 
deformation vary with 0, apai*t from mere magnitude and sign. If, 
however, we limit ourselves to the more important term 5 = 2 , we 
have 


and 


w+H a + / 01* 


so that 10 vanishes when 


001 2® Hi + n 

a® 3a® 4im 


= 0 


( 44 ). 


This equation may be applied to find what is tho length of tho 
cylinder when the deformation just vanishes at one end if the force 
is applied at the other. If 01 — 0 = 2, 

For many materials tr [equation (II)] is about or m = 2n. In 
such cases the condition is 


2 — Ja. 

It should not be overlooked that although w may vanish, u remains 
finite. 

Reverting to ( 23 ), ( 24 ), ( 25 ) we see that, if tho cylinder is open at 
both ends, there are two types of deformation possible for each value 
of B, If we suppose the cylinder to b^ closed at 0 = 0 by a flat disk 
attached to it round the circumference, the inoxtensibility of the disk 
imposes tho conditions, w = = 0 , u = atkp = 0 , when z = O.f 

Hence A# = 0, and the only deformation now possible is 

* That » is unaltored when 0 and Si arc interohanged ia an example of the general 
law of reciprooity. 

t ^heing greater than 1. 
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ur = £r sc «0 



(45). 


Another disk, attached where z has a finite valae, would render the 
cylinder rigid. 

Instead of a plane disk let ns next suppose that the cylinder is 
closed at s = 0 by a hemisphere attached to it lonnd the circum- 
ference. By (1) the throe component displacements at the edge of the 
hemisphere ^ sr) ai'o of the form 


V = = a cos s0. 

M = a = —a sin 50. 
le = ar = sa sin s0. 

Equating these to the corresponding values for the cylinder, os given 
by (23), (24), (25), we get 

A^ = l, = 

so that the deformation of the cylinder is now limited to the type 
v=(a+w)coB«0 1 

w = 9 (a+sff) sill 90 > (46), 

u = —a sin 50 J 

in which we may, of course, introduce an arbitrary multiplier and an 
arbitrary addition to 0. If the convexity of the hemisphei*e be turned 
outwards, z is to lie considered positive. 

In like manner any other convex additions at one end of the 
cylinder might be treated. There are apparently three conditions to 
be satisfied by only two constants, bnt one condition is really re- 
dundant, being already secured by the inextensibility of the edges 
provided for in the types of deformations determined separately for 
the two shells. Convex additions, closing both ends of the cylinder, 
render it rigid, in accordance with Jellet*s theorem that a closed 
oval shell cannot be bent. ^ 

It is of importance to notice how a cylinder, or a portion of a 
cylinder, can not be bent. Take, for example, an elongated strip, 
bounded by two generating lines subtending at the axis a small 
angle. Equations (31) [giving d^w/dr^ xs 0] show that the strip 
cannot be bent in the plane containing the axis and the middle 
generating' line.* The only bending symmetrical with respect to this 

* This is tlie principle upon which metal ia corrugated. 
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plane ia a purely cylindrical one which leaves the middle generating 
Une straight. There are two ways in which we may conceive the 
strip altered so as to render it susceptible of the desired kind of bend- 
ing. The first is to take out the original cylindrical curvature, which 
reduces it to a plane strip. The second is to replace it by one in which 
the middle line is curved from the beginning, like the equator of a 
sphere or ellipsoid of revolution. In this case the total curvature 
being finite, the Oanssian condition can be satisfied by a change of 
meridianal curvature compensating the supposed change of equatorial 
curvature. It is easy to calculate the actual stiffness from (8) and 
(14), for here t = 0. We have 




which expresses the work per unit of ai*ea coiTCsponding to a given 
bending along tbo equator. If = oo, the cylindrical strip is 
infinitely stiff. If the curvature bo spherical, and 


and if p^ s= oo, 


U = 




4nh^ ^ ^ 1 Y 

8 V pu 

(45): 



»»+»\ Pi/ 

(49). 


Whatever the equatorial curvature may be, the ratio of stiffnesses in 
the two cases is equal to m : m+n, or about 2 : 3, the spherically 
carved strip being the stiffer. 

The same principle applies to the explanation of Bourdon’s gauge. 
In this instrument there is a tube whoso axis lies along an arc of a 
circle and whose section is elliptical, the longer axis of the eUipse 
being perpendicular to tbo general plane of the lube. If we now 
consider the curvature at points whicii lie upon the axial section, we 
learn from Gauss’s theorem that a diminished curvature along the 
axis will be accompanied by a nearer approach to a circular section, 
and reciprocally. Since a circular form has the largest area for a 
given porimoter, internal pressure tends to diminish the ecoentrioity 
of the elliptic section and with it the general curvature of the tube. 
Thus, if one end be fixed, a pointer connected with the free end may 
be made to indicate the internal pressure.* 

* Dec. 19. — It appears, however, that the bending of a curved tube of oUiptiool 
Motion oannot be pure, since the parts of the walls which lie furthest from the 
circiilar axis are neoessarily stretched. The diffioulty thus arising may be obviated 
by nplaoiiig the two halves of the ellipse, which lie on either side of the major 
axis, by two symmetrieal ourves which meet on the major axis at a flMU 
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We will now proceed with the calculation for the frequencies of 
vibration of the complete cylindrical shell of length 21 , If the 
volume-density be /»,* wo have as the expression of the kinetic energy 
by means of (36), (36), (37). 

= 2 {«8(l+s3) (A,+A;2) 

+ [il2(l+«2)+«-2c2] (i^+B/s)} (50). 


From these expresaioTifl for V and T in (39), (50) the types and fre- 
quencies of vibiation can be at once deduced. The fact that the 
squares, and not the products, of A«, B«, are involved, shows that 
these quantities arc really the principal coordinates of the vibrating 
system. If A«, or A/, vary as cos wo have 


9 _ 4 ^ (s’*— #)* 


( 51 ). 


This is the equation for the frequeudos of vibration in two dimeu-* 
sioDB.f For a given material, the frequency is proportional to the 
thickness and inversely as the square on the diameter of the 
cylinder.J 

In like manner if B„ or B/, vary as cos we find 


1 i m+n 

'2—4 (flzf)? ^ w 

^ ia4*« , 3a® 


(52). 


If the cylinder he at all long in proportion to its diameter, tho 


Acoording to the equations (in columnar co-ordinatos) of niy former paper, the* 
oonditiona that tz shall be independent of ^ lead to — 


$r - Cr, 


dt 



0. 


where C is an absolute constant. 

The case where the seotion is a rhombus (drjdz » d: tan a) may bo mentioned. 

The difficulty referred to above arises when drjdz « oo. 

* This can scarcely be confused with the notation for the curvature in the pre- 
ceding parts of the investigation. 

t See * Tlieoiy of Sound,' § 238. 

X There is nothing in these laws special to the cylinder. In the case of similar 
shells of any form, vibrating by pure bending, the fluency will be as the thick- 
nesses and invorsdy as oorresponding areas. If the similarity extend also to the 
thicknew, then the fsequenoy is inversely as tlie linear dimension, in oooordoiioe 
a itb the general law of Cauchy. ^ 
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difference between p,' and p, beoomeB very small. Approximately in 
this case 




nt -f n 


m 



or if wo* take m = 2 n, 0 = 2 , 


n , , 7a® 

P*/Ps = l + 2 P* 


In my former paper I gavo the types of vibmtlon for a circular 
cone, of which the cylinder may bo regai*ded as a particular ca»o. 


In terms of columnar coordinates (z^ r, 0 ) wo have 

= (A^ + cos #0 * 

ir =s tan fy (AgZ+3s) sin (•^)t 

fiz = tan® 7 sin ^0 


7 being the semi- vertical angle of the cone. For tlio calcula- 
tion of the energy of bending it would be Himpler to use polar co- 
ordinates (r, 0, 0 ), r being measured from ilia vertex instead of from 
the axis. 

If the cone bo complete up to the vertex, we must suppose, in 
(53) Ac., B, s= 0. And if we proceed to calculate the potential 
energy, we shall find it infinite, at least when the thiekness is uni- 
form. For since A^ is of no dimensions in length, the square of the 
change of curvature must be proportional to When this is 

multiplied by zdz, and integrated, a logarithm is introduced, which 
assumes an infinite value when 0 *=O. The complete cono must 
thereforo be regarded as infinitely stiff, just as tho cylinder would be 
if one rim wore held fast. 

If two similar cones (bounded by circular rims) are attached so 
that the common rim is a plane of symmetry, the bending may be 
such that the common rim remains plane. If the distance of this piano 
from the vertex be the condition to be satisfied in (53) Ac., is 


that = 0 where z = Hence 

= jcO8I0 (5C), 

= « tan 7 A( ^ e— J sin <0 (5^)i 

tz = a tan* 7 A, {ei— «} sin «i0 


( 68 ). 
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III. **Au InveatigatioD of a Case of Gradual Chemical 
Change.*’ By W. H. PENDLEBURY and M. Seward. Com* 
municated by A. G. Vernon IIarcouut, Esq., ^P.R.S. 
Received November 27, 1888. 

(Abstract.) 

The case of gradual chemical change with which the present investi- 
gation deals is that between hydrogen chloride and pot^sium chlorate, 
and also its reaction with hydrogen chlorate whether alone or in pre- 
sence of potassium chloride. ^ 

When dilute solutions of a chlorate (as for instance potassium 
chlorate) and hydrogen chloride are mixed together, the liquid slowly 
acquires a chloiuns smell, and there is a gradual liberation of oxidising 
material, chlorine, and oxides of chlorine. These immediate products 
cannot easily bo investigated, for if the mixture is left to itself so 
that they accumulate in it, the gradual reaction first observed is 
stopped, and there ensues decomposition of tho usual complex nature 
of these unstable solutions of chlorine and its oxygenated com- 
pounds. 

But if a small quantity of potassium iodide is present it will be 
decompo.sed by these substances, and iodine will be gradually 
liberated as tho final product of the reaction we have mentioned. 

Now Messrs. Haroourt and Eason, in their work on a gradual 
chemical change, measured tho rate at which iodine was liberated in 
a liquid by ascertaining the time taken for a known quantity of 
sodium thiosulphate added to that liquid to be entirely decomposed. 
A small quantity of starch solution was added at tho same time, and 
served as the signal of the presence of free iodine, which meant that 
the measured quantity of sodium thiosulphate was exhausted. Tho 
observation to be made was of the interval of time which elapsed 
between the addition of the thiosulphate and the first appearance of 
a blue staiHsh coloration. 

The same measurement and the same signal served our purpose. 
The first obvious difference between tho two raactions is that, whereas 
in the former one (between hydrogen dioxide and hydrogen iodide) 
iodine was the primaiy result, in the later one it is a secondary 
result. This proved an unimportant difference. The secondary reac- 
tion between potassium iodide and the results of the first is, by 
comparison, instantaneous. But another difference is of great im- 
portance. In their reaction tho rate of decomposition became 
{pnulually slower, as one of the Babstances reacting continued to 
deordase sensibly in amount, and finally disappeared. In this reaction 
the amount of each substanoe decomposed bears an infinitely small 
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ratio to the amount of each present ; the composition of the mixture 
thns remains practically unchanged, and the rate of decomposition 
in each mixture is constant. Each experiment then ia brought to an 
arbitrary close as soon as the constant velocity has been detormined 
by the observation of a few intervals. The subjects of investigation 
were : the comparison of the velocities in difEeront mixtures, and thus 
the establishment of laws connecting variation in velocity with varia- 
tion of each of the ingredients. 

In a large number of experiments hydrogen chlorate was used. Mix- 
tures of dilute solutions of the two acids, chloric and hjdi*ochloric, were 
made in various proportions ; being an*anged in several series in each 
of which the amount of one of the acids present was vaned in arith- 
metical progression, and the effect upon the rate investigated. Then 
the effect of the presence of certain quantities of potassium chloride 
upon tho rate was observed, for the purpose of connexion with a new 
series of experiments. In these polassium chlorate and hydrogen 
chloride were used, and series for variation of one of tho ingredients 
taken as before. The effect of varying the quantity of potassium 
iodide present and that of varying the temperatures wore also 
observed. 

The results may be thus briefly summarised ; — 

Vwnation in Hydrogen ChUyrate , — The rate varies with the amount 
of hydrogen chlorate, in tho 6rst place, directly, as a substance 
taking part in the chemical reaction ; and in the second placo with a 
small acceleration proportional to the quantity present, so that the 
substance has a coefficient of action independent of its being a parti- 
cipant in tho reaction. Thus — 

K = aQ (I -b IQ), 

where Q represents quantity, R rate, a and b constants. 

Variation in Hyd^gen Chloride , — The variation of tho rate with 
that of hydrogen chloride is not of this simple nature. It would 
seem to be (1) an effect of tbe secondary order above mentioned 
(accelerative) on the decomposition of hydrogen chlorate by itself, 
and in addition to this (2) an effect of both primary and secondary 
order on the decomposition of hydrogen chlorate with hydrogen 
chloride. 

Variation in Fotassium Chloride , — The addition of this salt has a 
small accelerative effect on the normal rate proportional to its quan- 
tity. It thus appears to be a neutral salt not taking part in tho 
reaction. 

If a mixture of solutions of potassium chlorate and hydrogen 
ofaloride in molecular proportion between 1 : 2 and 1 : 12 is made, 
complete double decomposition ensues, the hydrogen chlorate formed, 
in TOesence of the hydrogen chloride remaining, liberates oxidising 
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material, and the potassiam chloride formed exeiH)iae8 its speoifio 
influence on this reaction. 

The secondary action upon potassium iodide producing iodine is 
practically an instantaneous one, unless the quantity of this substance 
is below a certain minimum. Below this the velocity observed in the 
mixture will be less than normal. The effect of mcreasing the amount 
of this substance to much greater than the minimum is closely analo- 
gous to that of a similar increase of any neutral salt. 

The velocity is an exponential function of the temperature, as was 
observed in Messrs. Harcourt and Eason’s investigationa, As the 
latter increases in arithmetical progression, the former increases in 
geometrical progression. The rate is about doubled for a rise of 5° G. 
The ratio in this progression is not, however, absolutely constant, but 
varies u little with the temperature at which it is taken. Thus 
between 0** and 15° C. the i^te is a little more than doubled for a 
vise of 5° ; between 20° and 30° it is a little less than doubled. 


IV. “ Detmmiiiation of the Viscosity of Water.” By A. MALtOCK. 
Communicated by Lord Raylhjigh, Sec. R.S. Received 
November 30, 1888. 

The experiments here described, which were made during April and 
May of the present year (1888), to determine the constant of viscosity 
of water, may bo of some interest on account of the newness of the 
method employed, and also as being on rather a lai^er scale than 
other experiments which have been made with the same object. 

Fig. 1 gives a section of tho apparatus used. 

A and B are two coaxial cylinders ; of these A is mounted on tho 
vertical axis E, and can be made to rotate by a belt passing over the 
wheel F. B is suspended by a long fine wire 0, and the annular space 
between A and B is filled with water or any other fluid to be experi- 
mented on. 

A little way above tho lower edge of B is fixed an air-tight dia« 
phragm D, so that when the space between the two cylinders is filled 
with liquid air is inclosed under D, and the liquid touches B only on 
the cylindrical surface. 

The interior of B above D is filled with water which serves the 
purposes of chocking the torsional vibrations of B, of preventing any 
rapid change of temperature of the liquid in the annulus, and of 
holding the thermometer. 

The experiments were made by driving the cylinder A at a uniform 
speed and recording the angle through which B is turned when it 
comes to rest under the action of the fluid friction on its oylindrioid 
surface and the torsion of the suspending wire C. A was driven by 
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a remontoir weight in connexion with a goveraor, and the epood 
recorded eleotrioally on a chronograph bj means of a contact maker 
on the axis E. 

The torsion of the wire C was measnrcd on a divided 011*016 B, 
attached to B. 

To get the absolute value of the torsiou’scale the following method 
was used 

W (fig, 2) is a small weight hung at the end of a silk thread S in 
the neighbourhood of the torsion-wiro C. H is tlie divided circle on 
B. From S a second thread, L, is taken to the circumference of H. 
The point of W is over a horizontal scale, and a i^eading of its position 
taken when there is no strain on L, that is, when S is hanging verti- 
callj. The weight W is then displaced hy uwclamping the circle H 
from B and winding up the thread L ^und its circumference, then 
reolamping H and allowing things to come to rest ; readings are then 
taken of the displacement of W and the position of H. After this 
tile thread L is cut and the position of H read again. 
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These experiments give directly tlie force which a known angnlar 
twist of the wire exerts at the known radios of the divided circle. 

These experiments are recorded helow» and it will be seen that the 
resnlts are very fairly consistent. 

The dimensions of the varions parts of the ^ppai'atas arc given in 
the computation of the viscosity constant. 

In making the experiments on viscosity the velocity of the cir- 
cumferenoe of the cylinder A was made to vary from 0*5 to 50 metres 
per minute. 

It was found that at all these speeds the force tending to turn the 
inner cylinder B could be represented by the sum of two terms, one 
varying as the velocity and the other as the square of the velocity ; 
the latter being small compared to the former, even at the highest 
speed. See Diagram 1. 

The cause of the square term seems to be that, owing to the action 
of (he bottom of the revolving cylinder, a circulation is set up in the 
fluid in the annulus, the flow being up the side of the revolving 
cylinder and down the side of the stationary one, the lesult being that 
the fluid having the velocity duo to a position near the outer cylinder 
is by this circolation oontinuously carried towards the inner one, 
thns making the variation of velocity in the neighbourhood of the 
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latter greater than it would otherwise be.* As far as could bo 
observed there was no trace of eddies with axes parallel to that of the 
cylinders. The proportion between the two terms depends on the 
ratio between the length of the cylinders and the breadth of the 
annulus, the square term becoming smaller and smaller compnrod to 
the other as the ratio increases. 

It was found that when the temperature of the fluid was altered 
the coefficient of the term varying as the velocity changed, but that 
the coefficient of the square term remained unaffected. 

The value of the viscosity constant deduced from those experiments 
agrees closely with that obtained from the exporimonts of Poiseuillo 
on the flow of liquids through capillary tubes. 

I now proceed to give the method and the numerical data which 
were employed in the computation. 


Let rj = radius of cylinder B =5 4'636 

r# « „ „ A = 6 017 


h = depth of immersed surface of B . . . . =s 11'07 
V = linear velocity of surface of A, 

$ =s torsional angle through which B is turned by the action 
of the water ; 

F = K ^ ss! K (Av+Bv^) s whole tangential force ; 
fi s coefficient of viscosity; 

the units being the gram, centimetre, and second. 

If instead of being in an annulus the water was contained between 
two parallel planes of infinite extent, the distortion caused by 
tbe motion of one of those planes paxullel to the other would be 
uniform throughout the whole mass of enclosed flnid. But in the case 
of the liquid enclosed between two cylinders, although the distor- 
tion is uniform over each cylindrical surface in the fluid coaxial with 
the enclosing cylinders, yet it changes in passing from one such 
surface to another, increasing as the radius decreases. In fact, since 
the total moment transmitted by each surface is constant, f the rate of 
distortion necessary to produce this moment must be inversely as the 
area of the surfoce and radius of the cylinder at which it occurs; 
that is, the rate of distortion at radius r is proportional to 1/f^, hence 
the value of dv/dr at r is — 

* Froi^Bor J. Thomson has pointed out that a oirculalion having a very similar 
origin must take plaoe m a stream when flowing round a bend. 

f [A oorreotion has been introilucod here, and in the equations (1), (2), (3). 

It was originally stated tbat the fordo transmitted was constant, but the error 
waa pointed out to me by Lord Rayleigh. In consequence of this error the 
numerical values of /u subsequently given must bo multiplied by 1‘OB.— Januaiy 1, 
1880.] 
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civ ^ kXv rjj 
(ir ” /t 2flr^ 


where «' ia the velocity at 

Integrating between ri and with the conditions that when r = r, 
V ss 0| and when r s v = 


^TrTih 


( 2 ). 


whence /* = 

The numerical v'aluo of A is that of dO/dv at the origin of tUo curve 
in Diagram 1. The ordinate 0 being the circular measure of the 
angle through which the cylinder B is turned by the viscosity of the 
water when the cylinder A has the velocity v represented by the 
abscissa in centimetres per second. 

To determine k the following measures were made : — 

In fig. 2 let tv ss weight of W, 

ED s: h, 

D'D = 

POP = 0, 

OP = R. 

a is the displacement of w from the vertical caused by the torsion of 
the wire G thi'ough the angle 0 acting at radius R. 

. -R- R . « 

J\. — 0 3=trr| 

. 



The experiments gave the following values for x and 0 : — 




X C.Ul. 


log 

Experiment 1 

.... 1061 

.... 316-6 

.... 2-51109 

It 

2 

.... 8-08 

.... 245-4 

.... *51759 

91 

8 

.... 92 

.... 276-8 

.... *52162 

99 

4 

.... 9-88 

.... 298-0 

.... -52044 

99 

5 

.... 10'8 

.... 324-0 

.... -62287 

99 

6 

.... 10-62 

.... 321-0 

.... -51961 



Mean < 


*52092 
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Also log to =s 0-81151 log R s 106354 

log f] s 0*53705 log h s 

1-34856 .3-25583 

logR5 a 3-25583 


2-09273 

log^ == 2-52092 

0 

i 61365 

Multiplyiiig by 57*3 
to convert to 
cironlar meaenre 

log 57-3 = 1-75815 

2-37180 

Whence k — 0*02354. 


The diagrama, which were taken at random from many similar ones 
plotted during the conne of the experiments, give A at the tempera* 
tures at 4“, 13*8*, and 48* C. 


Wo have 


Also since 


we have 
whence 


A< = 0-0582. 

A, 3-8=! 0-0458. 

A« =» 0-023. 

K s 0-02354, 
rj = 5017, 

A = 11-07, 
r,— ri = 0-381, 

- 2-606x10-', 

ZTrr^h 

=: 15*166x10-7, 

" 11*93 . . . M 
= 5*99 ...» 


malts are shown in tlie form of a curve in Dia^m 2f tho 
oi^inatss being the values of /ir and the absoissaD the temperature. ' 
results are shown by the dotted ouwe. 

.'The ebief interest of these experiments, beyond that attaching to 
an j^fedependent determination of by a now method, lies in the oom- 
pat^tsljf' high velooities at which the viscous forces remain the 
pAiie^l oaiue of regntance. 
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In All other ezperimentB on fluid friction with 'which 1 am acqaainted 
(those on capillary tubes excepted) the term depending on the square 
of the Yolooity becomes the most important at speeds far below those 
need in this series. 

Many exporimoniR were made on the viscosity of fluids other than 
water, but as T find that the results do not differ materially from 
those of Poiseuille it is unnecessary to give them here. 

lUAOUAn 1. 


Diagram 2. 
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India Office. Catalogue of the Library. Vol. I, and Index. 

8 vo, Lomlon 1888. The Secretary of State for India. 

Lightning Bod Conference. Report. 8 vo. London 1882. 

Mr. Symons, F.R.S. 

Marine Biological Association. Jonrnal. No. 2 . 8 vo, Londo^t 
1888. The Association. 

University College. Calendar. 1888-89. 8 vo. London 1888. 

The College. 

Paris ;—Acad4mie des Sciences. M 6 moiros. Tome XLIV. 4u). 
Paris 1888 ; M^inoiras presont^s par divers Savants. Ser. 2. 
Tomes XXVIII-XXIX. 4to. Paris 1884, 1887; Rooueil do 
M^moires, Rapports, ot Documents rolatifs & V Observation dii 
Passage de V 6 nus sur le Soleil. Tome HI. Partie 2. 4to. 
Pam 1885 ; Bulletin du Comit5 International Permanent pour 
PExteution PhotogiUrpbique de la Carte duCiel. Faso. 1. 4to. 
Pom 1888. The Academy. 

8ooi4t4 Entomologiqne do France. Anuales. Tome VII, 8 vo. 
^PoWi 1887-88. The Society. 
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Transaptiona (joontin^)* 

Piflft: — Sooiet&Toacaoa di Scieisse Natnrali. Atti. Yol. IX. 8to. 
Tiaa 1888 ; Procesai Verbali 3888, Laglio, 8vo, [Pwa.] 

The Society. 

St, Peterabnrg; — Acad^vnie Imp^riale des Sciencea. Bulletin, 
Tome XXXIl. Nos. 2— 4. 4to. 1888; Memoires, 

Tome XXXVL Nob, 1-6. 4to. 8t> F^ter$hourg 1888 ; Reper- 
torinm Metcorologie. Bd. XI. 4to. 5^. PSterahourg 1888. 

Tho Academy. 

Santiago ; — Dentscher WissenscliafbHcber Vci^ein. Verhandlungen. 

Heft G. 8 VO. 1888. The Veroin. 

Stockholm; — Kongl. Svenska Vetenskaps-Akademie. Ofversigt, 
Arg. XLV. No. 6-7. 8vo. StoeJcholm 1888; Handlingar. 
Bd. XX. Hafte 1-2. 4to. Stockholm 1884. Bd. XXL 
Hafte 1-2. 4to. Stockholm 1887 ; Lcfnadsteckningar. Bd. II. 
Hafte 3. 8vo. Stockholm 1886. Carl von Linnda Brefvexling. 
Forteckning af E. Ahrling. 8vo. Stockholm 1865. 

Tho Academy. 


ObservatioiLB and Beports. 

Berlin: — Kdnigl. Prouss. Qeodatischea InBtitnt. Gradmessunga* 
Nivellement awischen Anclam nnd Cuxhavcn. 4to. Berlin 
1888. The Institute. 

Dorpat : — Steruwarte. Meteorologische Beobachttingcn. 1888. 

Jannar — Februar, 8vo, Borpat, Tho Observatory. 

Dun Echt ; — Observatory. Circulars. Nos. 157-164. 4to. [Sheet.] 

The Earl of Crawford, F.R.S. 
Holland ; — Nederlandsche Bijkscommissie voor Graadmeting en 
Waterpassing. Uitkonsten dor BijkswatorpasBing. 4io. 
'aOravenhage 1888. 

Centralburean der Intemat. Erdroessung, Berlin. 
Hongkong: — Observatory, Observations. 1887. Folio. Hongkong 
1888. The Observatory. 

India: — Geological Survey of India. Records. Yol. XXI. Parts 2-3. 

8vo. Calcutta 1888. The Survey. 

International: — Association G^od^sique Internationale. Comptes 
Rendns. Session 1887. 4to. Berlin 1888. Supplement. 4to. 
[P/oreiwe 1888.] 

Centralbnreau der Intemat. Krdmessung, Berlin. 
London ; — Hydrographic Department, Admiralty. Deep-sea Sound- 
ings and Serial Temperature Observations obtained in tho 
Indian Ocean, 1887. Folio. [Sheet.] 1888. 

The Department. 

Meteorological Office. Observations at Stations of tho l^poond 
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Observations, &o. (oon^mued). 

Order. 1884. 4to. Irondonl888; Daily Weather Reports. 1888. 
Janaary to Jane. 4to. London. The Office. 

Nautical Almanac Office. The Nautical Almanac for 189^. 
8vo, London 1888. The Office. 

Madrid : — Observatorio. Observaoionea Meteoroldgicas. 1888*85. 
8vo. Madrid 1887*88. The Observatory. 


Decmher 20, 1688. 

Professor O. G. STOKBS, D.G.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
tor them. 

The following Papers were read : — 


I. “ Co-relations and their Measurement, chiefly from Anthropo- 
metric Data.” By Fraxois Galton, F.K.S. Received 
December 6, 1888. 

Co-i*elstion or correlation of stmetare ” is a phrase much used in 
biology, and not least in that branch of it which refers to heredity, and 
the idea is even more frequently present than the phrase ; but 1 am 
not aware of any previous attempt to define it clearly, to traoe its 
mode of action in detail, or to show how to measure its degree. 

Two variable organs are said to be oo-related when the variation of 
the one is accompanied on the average by more or less variation of 
the other, and in same direotlon. Thus the length of the arm is 
said to be oo-rolated with that of the leg, because a person with a 
long arm has usually a long leg, and conversely. If the co-relation be 
close, then a person with a very long arm would usually have a very 
Umg leg; if it be moderately close, then the length of his leg would 
usually be only long, not very long ; and if there were no co-relation 
at all then the length of his leg would on the average be medioorei 
It is easy to see that oo-relation must be the oonsequenoe of the 
variatious of the two organs being partly due to common oausea. If 
they were wholly due to common causes, the co-relation would be 
perfect, as is approximately the case with the symmetrically disposed 
parts of the body. If they were in no respeot due to common oaases, 
tlm oo-relation would be nil. Between these two extremes are an 
endlm muaber of intermediate oases, and it will be shown how the 
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oloBoneBs of co-rehtion in any particular case admits of being expressed 
by a simple number. 

To avoid the possibility of misconceptioTi, it is well to point out 
that the subject in hand has nothing whatever to do with the 
average proportions between the various limbs, in different races, 
which have been often discussed from early times up to the present day, 
both by artists and by anthropologists. The fact that tho average 
ratio lie tween the stature and tho cubit is as 100 to 37, or thereabouts, 
does not give the nliglitest information about the noamoss with which 
they vary together, [t would be an altogether erroneous infei*6nce to 
suppose their average proportion to be maintained so that when the 
cubit was, say, one- twentieth longer than tho average cubit, the 
stature might be expected to be one- twentieth greater than the 
average stature, ami conversely. Such a supposition is easily shown 
to be coiih-adictud both by fact and theory. 

The relation betw^cen the cubit and the staiuTc will bo shown to be 
such that for every inch, centimetre, or other unit of absolute length 
that the cubit deviates from the mean length of cubits, the stature 
will on the average deviate from tho mean length of statures to the 
amount of 2*5 units, and in the same direction. Conversely, for each 
unit of deviation of staiure, the average deviation of the cnbit will be 
0*26 unit. These relations arc not numerically reciprocal, hut tho 
exRcttiesB of the correlation becomes cstabliahed when wo have trans- 
muted the inches or other measui'ement of the cnbit and of the 
stature into units dependent on their respective scales of variability. 
We thus cause a long cubit and an equally long stature, as compared 
to the general rnn of cubits and Btatares, to be designated by an 
identical scale-value. Tho particular unit that I shall employ is the 
value of the probable error of any single measure in its own gt*oup. 
In that of tho cnbit, the probable error is O' 56 inch = .1*42 cm. ; 
in the stature it is 1*75 inch 4*44 cm. Therefore the measured 
lengths of the cubit in inches will be transmuted into terms of a new 
scale, in which each unit = 0*56 inch, and the measured lengths of the 
stature will be transmuted into terms of another new scale in which 
each unit is 1*75 inch. After this has been done, we shall find tho 
deviation of tho cubit as compared to tho mean of the corresponding 
deviations of tho stature, to bo as 1 to 0*8. Conversely, tho deviation 
9 f the stature as compared to the mean of the corresponding deviations 
of the cubit will also be as 1 to O' 8. Thus the existence of the co-relation 
is established, and its measure is found to be 0*8. 

Now as to the evidence of all this. The data were obtained at my 
antbropometrio laboratory at South Kensington. They are of 
350 males of 21 years and upwards, but as a large proportion of them 
were students, and barely 21 years of age, they were not wholly fhll- 
grown ; but neither ^hat fact nor the small number of observations is 
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prejudicial to the conolnaious that will he reached. They were 
meaeured in various ways, partly for the purpose of this inquiry. It 
will be sufficient to give some of them as examples. The exact number 
of 350 is not preserved throughout, as injury to some limb or other 
reduced the available number by 1 , 2 , or 3 in different cases. After 
marshalling the measures of each limb in the order of their magui* 
tudes, I noted the measures in each series that occupied respectively 
the positions of the first, second, and third quarterly divisions. Calling 
these measures in any one series, Q|, M, and Q 3 , T take M, wliich is 
the median or middlemost value, as that whence the deviations are 
to bo measured, and iiQa— Qi} = Q, as the probable error of any 
single measure in tho series. This is practically the same as saying 
that ono-half of the deviations fall within tho distanco of +Q 
from the mean value, because the series run with fair symmetry. In 
this way 1 obfained tho following values of M and Q, in which the 
second decimal must be taken as only roughly approximate. The 
M and Q of any particular series may bo identified by a suffix, thus 
Me, Qe might stand for those of the cubit, and M«, Q, for those of tho 
stature. 


Table I. 



M. 

Q. 

Inch. 

Centim. 

Inch. 

Centim, 

Hoad length 

7*C2 

10 35 

0*19 

0*48 

Head breadth 

6*00 

15 21 

0*18 

0*46 

Staturo 

t)7 -20 

170 00 

1*76 

4-44 

Left middle Auger 

i*64 

11*53 

0*16 

0*38 

Left cubit 

18*05 

45*70 

0*66 

1*42 

Height of right knee. . . . 

20*60 

52*00 

0*80 

2*03 


KoTE. — Xlie head length Is its maximum length measured from the notch 
between and just below the eyebrows. The cubit is measured with the hand piono 
and without taking off the coat ; it is the distamw betwoen tlio elbow of the bent 
left ann and the tip of the middle finger. The height of the knee is taken sitting 
when the knoe is bent at right angles, less the measured thiokuess of the lieel of 
the boot. 

% 

Tables were then oonstruoted, eaoh referring to a different pair of 
the above elements, like Tables II and III, which will suffice as 
examples of tho whole of them. It will be understood that the Q 
value is a universal unit applicable to the most varied measurements, 
such as breathing capacity, strength, memoiy, keenness of eyesight, and 
enables them to be' oompared togetW on equal terms notwithstand- 
ing their intrinsic diversity. It does not only refer to measures of 
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lengib, though partly for the sake of compaotneea, it ia only those of 
length that will be here given as examples. It is nnneaeasary to 
extend the limits of Table II, as it includes every line and column in 
my MS. table that contains not less than twenty entries. None of 
the entries lying within the flanking lines and columns of Table II 
were used. 


Table II. 



Lengtii of left cubit in inches, 848 adult males* j 


Stature in 


16*6 

17 '0 

17*6 

18 *0 

18*5 

19*0 


Total 

inches. 

Under 

and 

and 

and 

and 

and 

and 

19 *6 
and 

oases. 


16*6. 

under 

under 

under 

under 

under 

under 

above* 




17 0. 

17*6. 

18*0. 

.. 

18-5. 

19 U 

19*6. 



71 and above 

■ 



1 

a 

n 


7 

30 

70 


, , 


1 

5 

mm 



80 

69 

H H 

1 

1 

2 

25 




60 

68 

H H 

1 

3 

7 

14 

Kfl 

Kl 

2 

48 

67 

H H 

1 

7 

16 

28 

8 

2 



66 

H H 

1 

7 

18 ' 

15 

6 




06 

H H 

4 

10 

12 1 

8 

2 


, , 

36 

64 

, , 

6 

11 

2 , 

3 

, , 



21 

Bdovr 64 

1) 

12 

10 

8 

1 

• ■ 

* • 

•• 

84 

T6tal9 

9 

26 

49 

61 1 

102 

65 

38 

9 

848 


The measures were made and recorded to the nearest tenth of an 
inch. The heading of 70 inches of stature includes all lecords 
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between 69*5 and 70*4 inches ; that oi 69 includes all between 68*5 
and 69*4, and so on. 

The values derived from Table II, and from other similar tables, 
are entered in Table III, whore they occupy all the columns up to 
the three last, the first of which is headed ** smoothed.** These 
smoothed values were obtained by plotting the observed values, 
after transmuting them as above described into their respective 
Q units, upon a diagram such as is sliowu in the figni*e. The 
deviationa of the subject*’ are measured parallel to the axis of 
y in the figure, and those of the mean of the corresponding values 
of the “ relative *’ are measured parallel to the axis of x. When the 
stature is taken as the subject, the median positions of the correspond- 
ing cubits, which are given in the succeasivo lines of Table 111, are 
marked with snuill circles. When the cubit is the subject, the mean 
positions of the corresponding statures ai'e marked with crosses. 
The firm line in the figure is drawn to represent the general run of the 
small circles and crosses. It is here seen to bo a straight lino, and it 
was similarly found to be straight in every other figure drawn from 
the different pairs of co-rolated variables that I liavu as jot tried. 
But the inolinatiou of the line to the vertical diffors considerably in 
different cases* In the present one the inclination is such that a 
deviation of 1 on the part of the subject, whether it be stature or cubit, 
is accompanied by a mean deviation on the part of tlie relative, whether 
it be cubit or stature, of 0*8. This decimal fraction is consequently 
the mcRSuro of the closeness of the co-relation. We easily retrans- 
mute it into iimhes. If the stature be taken as the subject, then Q/ is 
associated with Q^xO'S; that is, a deviation of 1*75 inches in the 
one with 0*56x0*8 of the other. This is the same as 1 inch of 
stature being associated with a mean length of cubit equal to 0‘26 inch* 
Conversely, if the cubit bo taken as the subject, then Q,. is associated 
with QtXO'8; that is, a deviation of 0*56 inch in the one with 
1*75x0*8 of the other. This is the same as 1 inch of cubit being 
associated with a mean length of 2*5 inches of stature. If centi- 
metre be read for inch the same holds true. 

Six other tables are now given in a summary form, to show how 
, well calculation on the above principle agrees with observation. 
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Table TV. 


Mean of oorrosponding Moan of oorresponding 

No. Length statures. No. leiigtlis of head. 

of of of Height. 

oases, head. oases. 

ObserTed. Calculated. I Observed. Calculated 



Observed. Calculated 


lO’OO 

4*76 

4*76 

18 70 

. 4*64 

4*60 

18*40 

4*60 

4*62 

18-10 

4*66 

4*65 

17*80 

4*49 

4*48 

17*60 

4*40 

4*41 

17 -20 

4 37 

4*34 

10*90 

4*32 

4*28 
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Table IV--<on<ww*eJ. 




Mean of oorreepondiug 



Moan of corresponding 
lengths of head. 

No. 

bongth 

breadths of head. 

No. 

Breadtli 

of 

of 



of 

of 



■ 

head. 

Observed. 

Calculated. 

coses. 

bead. 

Observed. 

Calculated. 

32 

7*90 

6 14 

6*12 

27 

6*30 


7-84 

41 

7-80 

o-os 

GOB 

36 

6*30 


7-76 

46 

7-70 

6*14 

6-04 

53 

6*10 


7-66 

52 

7-60 


6 00 

58 

6*00 

■ES 

7*60 

5S 

7-60 

6*98 

6-96 

56 

6*90 

7-60 

7-66 

»4 

7-40 

5*96 

6-91 

37 

5*80 

7-65 

7*60 

26 

7-30 

5*85 

5*87 

30 

6-70 

7*46 

7*46 

No. 


Mean of conrosponding 



Mean of corresponding 


lioighte of knee. 

No. 

HoigUt 

staturee. 

of 

Stature. 



of 

of 



oases. 


Obeerved. 

Caloulated. 

cases. 

knee. 

Observed. 

Calculated. 

30 

70-0 

21 *7 

21-7 

23 

22-2 

70-5 

70*6 

50 


21*1 

21 *3 


21-7 

69*8 

69*6 

38 

68-0 

20*7 

20*9 


21-2 

68-7 

68-0 

61 

67-0 

20-6 

20-6 


20-7 

67-8 

67-7 

49 

66*0 

20*2 

20-1 

kI 

20-2 

60*2 

66*7 

36 

65 *0 

10-7 

19-7 

Hn 

19-7 

65*5 

66-7 





26 

19-2 

64*8 

64-7 

No. 

of 


Mean of oorrosponding 



Mean of corresponding 

Left 

cubit. 

lieighte of knee. 

No. 

of 


left cubit. 

oases. 

Observed. 

Calculated. 

cases. 

knee. 

Observed. 

Calculated 


29 


21 '5 

21*6 

28 

22*25 

18*98 

18*97 

32 

18*7 

21 *4 

21*2 

30 

21 *76 

18-68 

18-70 

48 

18 *4 

20*8 

20*9 

52 

21 *25 

18*38 

18*44 

70 

17 *1 

20-7 

20*6 

69 

20*76 

18*15 

18*17 

37 

17-8 

20*4 

20*2 

70 

20*25 

17-76 


SI 

17*6 

20*0 

19*9 

41 

19 *76 

17-66 

17-68 

28 

17-2 

19*8 

19*6 

27 

19*25 

17-02 

17-86 

28 

16-9 

19*3 

19*2 






From Table lY the deductions given in Table Y can be made; but 
thej may be made direoily from tables of the form of Table III, whence 
Table lY was itself derived. 

When the deviations of the subject and those of the mean of the 
relatives are severally measured in units of their own Q, there is 
always a regression in the value of the latter. This is preo^y 
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Table V. 


Subject. 


Stature . . . . , 
Cubit 

Stature .... 
Head lengUi 


BelatiTe. 


Cubit 

Stature 

Head length 
Stature . . . . . 


In units of (}. 


} 0-8 


''(I-*-’) 

-/• 


o-eo I 
0-03 j 


ill units of ordinary 
measure. 


As I 
to 


0-2G 

2-5 

0*38 

3*2 




0 - 46 

1- 4 

l'G3 

0-17 


Stature 

Middle finger. . . 

Middle finger . . . 
Cubit. 

Hoad length.. .. 
Uoad breadth. . . 

Stature 

Height of knee . 

Cubit 

Height of knee • 


Middle finger .... 
Stature 

Cubit 

Middle finger .... 


Head breadth. • . • 
Hoad length 

Height of knee . . 
Stature 

Height of knee . . 
Cubit 


j- 0*7 
I 0-85 
} 0*46 
I 0*9 
} 0*8 



0*06 

8-2 


0*61 j 

0*89 ^ 
0*44 I 
0-60, 1 


3*13 

0*21 

0*43 

0*48 

0*41 

1*20 

1-14 

0*60 


0*10 

1-26 

0*34 

0*09 

0*10 

0*17 


0*35 

0*77 

0-64 

0*45 


analogona to what waH observed in kinship, as I showed in rny paper 
read before this Society on “Hereditary Stature” (‘Roy. Soc. Proc./vol. 
40, 1886, p. 42). The statures of kinsmen are co-relatcd variables; 
thus, the statnre of the father is correlated to that of the adult son, 
and the statnre of the adult son to that of the father ; the statnre of 
the uncle to that of the adult nephew, and the stature of the ad:nlt 
nephew to that of the uncle, and so on ; but the index of co-i-elation, 
whioh is what I there called “regression,” is different in the 
different oases. In dealing with kinships there is usually no need 
to reduce the measures to units of Q, because the Q values are alike 
iu all the kinsmen, being of the same value as that of the popula- 
tion at largo. It however happened that the very first case that I 
analysed was different in this respect. It was the reciprocal relation 
between the statures of what I called the “ mid-parent ” and the son. 
The mid-parent is an ideal progenitor, whose statui'e is the average of 
that of the father on the one hand and of that of the mother on the other, 
after her stature had been transmuted into its nuile equivalent by the 
multiplication of the factor of 1*08. The Q of the mid-parental statuies 
waa found to be 1*2, that of the population dealt with was 1*7. Again, 
the mean deviation measured in inches of the statures of the sons was 
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found to be two-thirds of the deviation of the mid-parents, while the 
moan deviation in inches of the mid-parent was one-third of the devia- 
tion of the sons. Here the regression, when calculated in Q units, is in 
1 2 

the first case from ^ to = 1 to 0*47, and in the second case 

from = 0*44, which is practically the same. 

The rationale of all this will be found discussed in the paper on 
** Hereditary Stature,’* to which reference has already been mode, and 
in thp appendix to it by Mr. J. D. Hamilton Dickson. The entries in 
any table, such as Table II, may be looked upon as the valnea of 
the vertical otdinates to a surface of frequency, whose mathematical 
properties were discussed in the above-mentioned appendix, thero- 
fore I need not repeat them here. Bat there is always room for 
legitimate doubt whether coticlustons based on the strict properties of 
the ideal law of error would be sufficiently correct to be serviceable in 
actual cases of co-relation between variables that conform only 
approximately to that law. It is therefore exceedingly desirable to 
put the theoretical conclusions to frequent test, as has been done with 
these anthropometric data. The result is that anthropologists may 
now have much loss hesitation than before, in availing themselves of 
the properties of the law of frequency of error, 

I have given in Table V a column headed -v/(l— r®) = /. The 
meaning of / is explained in the paper on “ Hereditary Stature." It is 
the Q value of the distribution of any system of x values, as as^, 

round the mean of all of them, which wo may call X. The 
knowledge of / enables dotted lines to be drawn, as in the figure above, 
parallel to the line of M values, between wliicb one half of the x 
observations, for each value of y, will be included. This value of / 
has much anthropological interest of its own, especially in connexion 
with M. Bei'tillon’s syatom of anthropometric identification, to which 
I will not call attention now. 

It is not necessary to extend the list of examples to show how to 
measure the degree in which one variable may be co-relatod with the 
combinod effect of n other variables, whether these be themselves 
co-related or not. To do so, we begin by I'educing each measure into 
others, each having the Q of its own system for a unit. We thus 
obtain a set of values that can be treated exactly in the same way 
as the measures of a single variable were treated in Tables II and 
onwards. Neither is it necessary to give examples of a method 
by which the degree may be measured, in which the variables in a 
aeries each member of which is the summed effect of n variables, 
may be modified by their partial co-relation. After transmuting the 
separate measures os above, and then summing them, we should find 
the probable error of any one of them to be •/n if the variables ]^ere 
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perfectly independent, and n if they were rigidly and perfectly oo- 
related. The observed value would be almost always somewhere 
intermediate between these extremes, and would give the information 
that is wanted. 

To conclude, the prominent characteristics of any two oo-rolated 
variables, so far at least as I have as yet tested them, are four in 
number. It is supposed that their respective moasuros have been 
first transmuted into others of which the unit is in each case equal to 
the probable error of a single measure in its own series. Lot y = the 
deviation of the snbjoct, whichever of the two variables maybe taken 
in that capaoity ; and let <kc., be tho corresponding devia- 

tions of tho relative, and lot tho moan of thoso bo X. Thun we find ; 
(1) that y = rX for all values of y ; (2) that r is tho same, whichever 
of tho two variables is taken for the subject ; (3) that r is always less 
than 1 ; (4) that r measures the closenoss of co-relation. 


n. “ On the Maximum Discharge through a Pipe of Circular 
Section when the effective Head is duo only to tlio Pipe’s 
Inclination.” By Henry Hennessy, F.R.S., Professor of 
Applied Mathematics in the Royal College of Scienoo for 
Ireland. Received November 15, 1888. 

In tho paper on Hydraulic Problems on tho Crofis-Hoctions of 
Pipes and Channels,*** it was shown that the greatest hydmulic mean 
depth was that for a channel formed by a segment of a circle, and 
bounded by an arc of 257° 27*. It is easy to find by a similar 
process tho wetted perimeter of a circular pipe corresponding to the 
maximum discharge when the velocity of tho liquid is due only to 
the inclination of the pipe. 

Among the formulee adopted by hydiaulio engineers for v, the lUivin 
velocity of liquid in a pipe whose hydraulic moan depth is w, we may 
select Darcy’s, which gives 



where a and b Are constant coefficionte and I a quantity depending on 
the inclination of the pipe. But as tho dischaige Q is the product of 
the mean velocity by the area of cross-section, wo have 

Q_ Ams/(T) _ flinO)av/( I) 

\/(au + b)^ ^/(au+b) * 


• * Roy. 8oc. Ptoc.,* vol. 44 , p. 101. 
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where 0 ia the arc bounding the segment filled with liquid. For this 
segment u = therefore 

n 1 sin oy 




ft is a small fraction compai'od to r and a, and if this expression is 
developed we shall have very approximately* 

^ fli ’ 


where K is a constant. This gives 

1 _ 3 (/?— 8ind)t(l— cos^>) (^— sintf)! 

KJiF"“2 <rt 2^1 ‘ 


If we make = 0, we shall have therefore 

do 


d=: 


sin 0 


3 cos 0—2’ 


This equation may bo satisiiod by d = 0, or <1= J ?r+7, a value less 
than 2v. The first gives a minunum, the second a roaximum. 

With 7 = 38® 9' 56'', fr+7 = 5-37850, 

3 sin 0 = 1-85381, — ^ » 5-37813. 

2— 3Bmtf 

With 7 = 38" 9’ 57", 3.r+7 = 6-37851, 

3 Bin = 1-85382, ■ = 6-37848. 

2— 3 Sind 

With 7 = 38’ 9' 58", |ir+7 = 5-37851. 

3 sin e = 1-85583, ^^4— = 5-37882. 

2-3 Bind 

With the first value the difference is "f0'00037; with the third the 
difference is — 0'00031 ; consequently the value between both may be 
considered as the nearest to the truth, and in this value the difference 
is only 0'00003, or less than one-tenth of either of the others. If 7 a= 
38® 9' l57", 0 = 308® 9' 57'', or a circular pipe, under tho conditions 
above mentioned, carries more liquid when filled up to this arc than 
when quite full. 

• With the fomulie of Chezy and Eytelwein, this would immediately foU^. 
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If the pipe wiw quite full 9 s 2 r, gin^ = and Qj =s 2K7r, bub for 
the maximum value of Q we have 


Hence 


Qj-Qi (ymesQi. 


The difference thus exceeds j per cent, for the pipe which is filled 
up to the segment of 308*^ 10^ The supplemental arc being 51** 50\ 
it is easy to see that tbe maximum discharge would occur when the 
liquid falls below the summit of the inner surface of the pipe by 
about the twentieth of the diameter. This result might be called a 
hydraulic x>a'i*adox, or the condition of a pipe carrying liquid at a 
small inclination giving a greater discharge when filled up to 
nineteen-twentieths of its diameter than when completely full. 


Not© added December 19, 1888. 


[The hydraulic paradox hero referred to as a deduction from the 
expression for hydraulic mean depth is not so practically important 
as the question of velocity of the liquid passing through the section of 
greatest hydraulic moan depth. The maximum hydraulic mean depth 
for the pipe was found to bo 0'6086r, while it is 0'5r for a full pipe. 
A.S the velocities may be taken as very approximately proportional to 
the square roots of the hydraulic mean depths, we shall have for v\ 
the maximum velocity, 





11033V. 


Or the velocity lor the maximum hydraulic depth exceeds the velocity 
for a full pipe under the conditions specified by 10^ per cent. 

This result may possibly be utilised in circular drain-pipes liable to 
be coated with deposits.] 


TOL. XLT. 


L 
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III. “Preliminary Account of the Morphology of the Sporo- 
phyte of Splachnum By J. R. Vaizet, M.A., 

of Peterhouse, Cambridge. Communicated by Franois 
Darwin, F.R.S. Received December 3, 1888. 

The investigations of Haborlandt,* published in the latter part' of 
1886, together with the results of investigations of my own, which 
were then just completed, and oommunioated to the Linnean Sociotyf 
early in 1887, convinced me of the importance of obtaining further 
knowledge of the highest development to which the sporophyte of 
the mosses attains, as being likely to throw light indirectly on the 
phylogeny of the higher Cryptogams and Phanerogams. Inquiiing 
into the matter, I found that Splachnum luteum, Splachnum ruhrumj 
and some few other forms were the most likely to yield the best 
results ; 1 determined, therefore, to obtain material for investigating 
their morphology. These forms being arctic or subarctic, I put 
myself in communication with Professor Axel Bly tt, of Christiania, to 
find out if he could either procure me material properly preserved for 
the purpose, or put me in the way of obtaining material if I went 
myself to Norway. From my correspondence with Professor Blytt, I 
concluded that the only really practicable course was to go myself, 
and obtain my own material in the different stages in which I 
required it. To carry out this project, 1 applied for, and was 
granted, assistance by the Royal Society. I, therefore, now tender 
to the Society a brief outline of the first of my results. 

I obtained after considerable search, in which 1 was fortunate in 
liaving the invaluable assistance of Professor Blytt and Dr. F. C. Kiaer, 
whoso knowledge of the habitats of Norwegian mosses is notorious, a 
large quantity of 8p, luteum in many different stages of development ; 
of Sp, ruhrum 1 only obtained one specimen ; but beyond the mere 
difference of colour there is little or no difference between the two 
species. The material was obtained in the marshy land on the top of 
the watershed between the River Olommen and Lake Miosen, and on 
the south-eastern side of the Dovref jeld region. 

In the sporophyte of Splachnum luteum we have a structure with 
a remarkable similarity to an umbrella, the handle end of which is 
inserted in the tissues of the oophyte, and is known as the foot. The 
seta is much elongated, bearing the umbrella-like expansion, the 
apophysiB, at the top just below the sporangium. It is the structure 

* “Beitrige sur Auatomie und PhjHologie der Laubmooie i " ‘Jahrb. fflr 
Wifften. Bot.,' roL 17. 

t Yaisey: “On the Anatomy and Development of the Spoiogonium of the 
* Linn. Soo. Joum., Bot.,’ vol. 24 . ^ 
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of the apophysis and certain of the organs of Iho sporophyte with 
whioh we are now oonoemed. 

A trangrerse section through the vaginnla, including the foot of the 
sporophyte, shows that the tissues of the oophyte in this part contain 
* H considerable quantity of organic substance, and this is seen to bo 
more particularly the case in the layers of cells next to the foot. The 
foot itself is seen to consist of a cylindrical mass of parenchyma, with 
an external layer of epidermal colls of a somewhat columnar form, 
whioh contain a considerable quantity of protoplasm, and contain 
large distinct nnclei. The protoplasm of these cells is found to be 
aggregated towards the peripheral surface, the nucleus being usually 
found in the mass of protoplasm next to the outer wall of the cell. 
The large vacuoles of these colls are traversed by fine protoplasmic 
filaments. These cells, os well as those of the cortical layer beneath 
the epidermis, contain a number of very small protoplasmic bodies, 
whioh are found congregated in large numbers round the nuclei of 
the cells, there being also some in other parts of tho cell, both in the 
peripheral layer and in the fine protoplasmic filaments traversing the 
vaonole. In the epidermal cells these bodies are particularly 
numerous, and are found principally in the aggregated mass of proto- 
plasm on tho outer side of the cells. These bodies may, I think, be 
safely regarded as loncoplastids. From their number and position, I 
am inclined to believe that they are concerned in absorbing substances 
from the tissue of the oophyte for the nourishment of the sporophyte. 
No starch has been found in the foot. 

In the centre of the foot there is a definite oeniral strand consisting 
of two kinds of tissue, an outer phloem-like layer of cells containing 
protoplasm by means of whioh it is probable that organic substance 
travels, and an inner strand of very thin-walled cells without any 
protoplasmio contents* which conducts tho water up the seta. In the 
foot the protoplasm of the phloem-like cells is aggregated in each 
cell towaids the periphery as in the epidermal cells, but there are no 
plaetids present. The strand of thin- walled emp^ cellsf 1 have 
been able to prove in other species of Bplachnum conveys the water 
absorbed by the foot up the seta into the tissues of the apophysis. 

The seta has a distinot epidermis beneath which there is a layer of 
selerotio supporting tissue, and then a layer of parenchyma, the two 
together forming the cortex. In the centre is the central strand, 
which in the lower end of the seta has almost the same stmeture as 
that described for the central strand of the foot, from which it ia 
distingaished by being lat^r and less distinctly delimited from the 

* (Jf. yaieey, loe. cU, Th« terms leptophloSm and leptoxylem hare been used 
to Indicate these tissues. For fuller esplanation, see pa|»er referred to. 

t’^Tslasy: “NoteontheTranipiimtionof tlieSporophoreof theMusoi.*' 'Annals 
of Bo^ny/ toL 1. 
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Qortox. Higb«r up in the eeia tbeve is a lavge interedlnlar 4iaQal 
formed in the middle of the axOe strand of thin- walled empty cells 
which extends for nearly its whole length. This intercellolar spaoi^ 
is lysigenons in origin, A similar pasaago or canal ooonis in seTeral 
other species. 

A longitudinal median section through the umbrella-shaped 
apophysis shows that the central strand here swells out into a large 
pear-shaped mass of cells, that in the mature sporophyte contain 
no protoplasm, and even in the younger states only a very small 
quantity with small, inoonspionous nnclei. Chlorophyll bodies are 
absent except in the two outermost layers of oelis, even in the 
youngest specimens observed, and even here there are only a very 
fow. The cells are all thin- walled, and cubical in shape, with no 
intercellular spaces between them. In this tisane, which may bo 
regarded as a kind of aqueous tissue, large masses of crystalline 
inorganic matter were frequently found. 

Outside the aqueous tissue there is a quantity of parenohymatoos 
tissue, with numbers of commnnioating intercellular spaces. The 
oelis all contain large numbers of chlorophyll bodies. This tissue 
extends into the umbrella-shaped organ. Ou the upper surface in 
the proximal region the cells are arranged close to one another, and 
sh m a distinct tendency to an elongation of their axes in a direction 
vertical to the surface, thus forming a palisade tissue similar to that 
in the tissues of the vascular plants.* This is rendered more striking 
by a comparison with the parenchyma of the lower snrface in the 
same region, where the cells are much elongated in a direction parallel 
to the surface, and with very much larger iutercellnlar spaces. The 
distal region of the apophysis shows that the cells of both upper and 
lower surfaces have undergone a considerable lengthening in the 
direction parallel to the sarftM^es, hut that the upper as compared with 
the lower has still a resemblance to palisade. Stomata are found in 
considerable numbers iu the epidermis of the upper surface, but these 
are none on the lower. The epidermis consists of a very distinet 
layer of oelis without chlorophyll, the outer walls of which are 
otttioularised, and have a distinct cuticle. 

A large quantity of starch is formed in the cells of the apophysis 
by the chloroplas^ each ohloroplast containing a number of separate 
starch grains. When the apophysis is quite young, at this time 
being green, immediately on its beginning to bewine umbrella- 
shaped, and before the spores ripen, the starch begins to be formed. 
Ai a later stage the sta^ disappears, the starch-forming plastide, 

• Heberiwidt (loe. «a.) also najtm a eenpariaom hetwaen the ehlosophyU-eoiitain- 
ing tiasna of the aporophyte of the Mbsaet and the paliaaAs tiaana of traa leavaa i 
bat in none of the forma which he inreatigatad ie thit atniotuve ae atriUag sa it ia 
in 8. tuieum* ^ 
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which before were large and well formed, dcgeuerafco into small and 
comparatively inconspicuous bodies, the stai'ch apparently being used 
up in the formation of spores. In all probability there is at this 
period a formation of xantliophyll, which would account for the 
yellow colour oE the apophysis in the inaturo condition of thu 
sporangium, and hence the name of the species. 

That the apophysis pciforms the f and ions of a leaf, and is there- 
fore analogous with the leaves of vascular plants, 1 think thoro can 
now bo no doubt. And as thi.s structure is a development of the* 
sjioropbyto, the possibility of its being also homologans cither directly 
<»r indiivctly suggests itself. I am myself inclined to believe that 
the two are homologuns; bnt to give a full discussion of that qncstitnt 
would bo beyond the scope of the prc.scnt communication. 


IV. ** A Contribution to the Knowledge* of Protection aguiJist 
Infectious DiHeuRos.” Py Alfred Ltnuaud,M.B., M.S. Durli., 
Diploimite in Public Health, Cambridge. Communicated by 
Dr, K. Klejn, F.ll,S. Rc(*oiv(‘d December 3, 1HH8. 

It has long boon known, and it is now a well-established fact, that 
various eruptive fe^ ers and blood diseases from which the* motlicr may 
sulTcr, can bo communicated to the feetus in utrro. Tlicro is evidence 
also to prove that a di.seaso may Ik* transmitted, to the f(i»tns through 
a mother who is herself insusceptibio to contogium, as in the ease of a 
child having been born covered with small -pox eruption, the mother 
being quite free fwin it. The following aro the diseases upon which 
the most important observations have been made: — Syphilis, small- 
pox, tuberculosis, anthrax, and relapsing fever. In the three latter 
the organisms pi*oduciug these diseases have been found in the body 
of the foetus at birth, having passed th rough the placcrital vossols. 

In the present paper I wish to coutribnto to the other side of the 
question, viss., the relation existing between the foetus and its mother, 
or, in other words, fhn influmce^ if any, e,rcttefl hy ihp foptus on 
nwfher^toJuin the foftus hecames the suhjpct of an infect iov.s diaeasc coh~ 
traded independently of the mother. All the comments made from 
this standpoint have, with the exception of one, been in relation t<j 
syphilis; the one being an instance communicated by Vidal, of a 
father attacked at the time of conception with small- pox, the foetus at 
six months being covered, during the whole of wliich period the mother 
remained healthy. With regard to syphilis, we are indebted to Colics 
for the firat praotioal observation noted in 1837, when ho cited fus a 
corioas fact, that he had never witnesse<l or even heard of an instance 
in which n child deriving the infection of syphilis from its parent a, 
hadMused an uloei*atinn in the* breast of the mother. 

I. 2 
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At the present time, however, we are able to go a step farther, and 
say— 

(1.) That a healthy woman become pregnant by a syphilitic man, 
may give birth to a syphilitic child, and still remain healthy herself. 

(2.) That this woman suckling a syphilitic child is not exposed to 
contagion from it. 

This singular immuniiy remains only to bo explained, and we have 
to determine whether it is not explicable, ns one is led to think, by a 
special kind of protection derived from the foetas. 

Several years ago it occuri-ed to me as feasible to attempt the eluci- 
dation of this proposition by means of some virus other than that of 
syphilis, this disease having been found incapable of cornmunication 
to the lower animals. For this pnrpose none appeared to bo more 
suitable than that of antltrax, on accourit of the properties and life- 
history of this organism being so well understood, and also by I’cnson 
of the very short period of time this disease takes to run its course to 
a fatal termination after iTioculation in most of the lower animals. 

The results of this investigation I propose giving in the following 
pages : — 

f. It is possible to directly inoculate a feetns in ufero of a living 
I'abbit with an active growth of anthrax, without the bacillary disease 
being communicated to the mother; and further, the remaining 
foetuses of this pregnancy under certain conditions have been found to 
receive a like protection, A control animal subcutaneonsly inoculated 
with the same growth died in sixty-eight boors. 

II. The mother may give birth to a litter of healthy young ones 
some days later, with the exception of the one primarily inoculated 
with anthrax, which is always dead when born. The longest period 
of parturition after inoculation was ten days. 

III. The blood of the mother during the time intervening between 
the inoculation of the foetus and paiiurition does not reveal the pre- 
sence of the anthrax bacillus whoa examined- - 

(i.) By fresh cover-glass preparations. 

(ii.) By aniline stained cover-glass preparations. 

(iii.) By cultivations, gelatino at 2rC., and agar-agar at^S?'* C. 

(iv.) By symptoms when animals were inoculated with it. 

IV. The mother subsequently inoculated with the blood of an 
animal dead of anthiux, whose blood was swarming with tlie JiadlliM 
anthracisy does not succumb, but is found to have received proteoiion. 
The control animal died in forty-eight hours. 

V. Twenty. four hours after this second inoculation to prove pro- 
tection or otherwise, no anthrax bacilli were found in the blood of the 
mother. Proved as in No, III. 

VI. The same animal, when re-inoculated with the anthrax blood 
eight months later, was provod to bo still protected. 
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YTI. The Bhortent period observed intervening between the inocu- 
lation of the fcBtos i» uiero and parturitioUf after which the mother 
waa found to bo protected against the inoculation of virulent anthrax 
blood, was thirty-six hoars. 

VIII. For the protection of the surviving foetuses, or those other 
than the one primariiy inoculated with anthrax in uiero^ a longer 
e^poanro is required than the minimnm thirty-six hours observed to 
protect the mother. Or the surviving feeinses may have received pro- 
tootion, provided that a period of not less than six days have elapsed 
between the primary inoculation of the foetus vn afero and parturi- 
tion. 

IX. In those cases where the mother died of anthrax contracted at 
the time of the inocnlation of the feetufl in utero^ and excepting the 
last-mentionecl one, the heart's blood of the other foetuses in utero 
was not found to contain any anthrax bacilli, as proved by onltivations 
when the examination was made, several hoars after the death of the 
mother. But if the examination and cultivations were made some 
sixty or seventy hours later, then any or all of the foetuses, according 
to the temperature of the air prevailing, may hare anthrax bacilli in 
their blood. 

[X. The inocnlation of a foetus ntero with anthrax may produce 
one of three results : — 

(i.) If during the inocnlation of a foetus the anthrax bacilli gain 
entrance into the tissues of the mother, owing to imperfect 
manipulation, the mother naturally succumbs to the disease. 

(ii) In some oases the oiganisms pass through from the foetal to 
the maternal vessels ; this is probably dne to some change 
taking place in the placental tissues, either inflammatory or 
tranmatio in origin. 

(iii.) Lastly, in those cases where the feetns alone is inoculated, the 
mother remains free from the baoillary disease, and at a later 
date is found to have acquired immunity. — Jan. 22, 1889.] 

ZI. In seotiona of the placenta of the feetns primarily inoculated 
with anthrax in utero^ and through which the mother received pro- 
tection, the anthrax booilli, after staining with aniline dyes, are to be 
seen wholly in the foetal, while there is a total absence of them in the 
maternal portion. 

The Society adjourned over the Christmas Beceas to Thursday, 
Jannaiy 10th, 1889. 


Presmtif Peeemher 20, 1888. 
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Yll. Binary Stan, daw 4.— Tory Unequal Magnitudes, tlie smaller Star being 
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Vlll. Binary Stan, Class 5. — ^Unequal Magnitudes, the fainter Star being Bed, 

IX. Outstanding oases. 

X. Conolusion. 


INTBODUCTION. 

In the Bakerian Lecture given last Session* I detailed the spectro- 
soopio evidence which in my opinion shows that the various orders 
of nebulas and stars are produced by the presence and subsequent 
condensation of meteoric swarms in space, the most uncondensod ones 
giving rise to the appearances which we term nebulie, tho more con- 
densed ones to those which wo term stars. 

Since the lecture was delivered, my assistants and myself have been 
employed not only in continuing the experiments, but in bringing 
together and co-ordinating os great a number of recorded observa- 
tions as possible, along those lines ivhich seemed likely to furnish the 
most severe tests as to the validity of the conclusions stated in my 
former communications. 

Among the linos on which this work has been done are the follow- 
ing:— 

1. fifpeefra o/ Oomefa. — Here the test is as follows ; — ^It is generally 
accepted that comets are meteor-swarms in tho solar system. They 
get brighter, and thei'efore they must be hotter, as they approach thf 
snn. Their spectra, then, if my hypothesis is true, must resemble 
those of gradually condensing swarms outside the system. 

2. Byecira of Aurora , — Here the test is as follows : — 400,000,000 
meteorites, big and little, are encountered by the earth every day. 
The air should contain some of their debris. If in aurorm the solid 
particles ai% acted on by an electric current, the spectral phenomena 
presented by glow tubes should bo reproduced to a greater or loss 
extent in the spectrum of the aurora. 

8. Origin of Double Btars , — Here the tost is as follows : — The ap- 
parently single variable stars of tho Mira typo are on the hypothesis 
produced by tho interaction of two or moro swarms ; they are in fact 
double nebulae. Yisiblo physical doubles are probably theu of the 
some nature ; if so, in tho present absence of complete knowledge of 
their spectra, colour phenomena may help us to discuss their probable 
origin. 


* See ' Boy. Soc. Free.,* vol. 4t, p, 1, 
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I. »ON THE SPECTRA OP METEORIC SWARMS IN THE 
SOLAR SYSTEM.” 

I. Views of Rkichknuach, ScniAPABELti, and Tait. 

Reicbenbach was the first to bring forward a large amount of 
evidence (founded on tbe study of meteorites) indicating that comets 
were in all probability swarms of meteorites* in our own system 
moving in orbits round tho sun. 

Accepting as proved by tho then knowledge tho most intimate 
connexion between Tnetef>rites and falling stars, Reichenbneb reasoned 
that both were connected with comets in the following manner. Ho 
first recapitulated the facts then accepted with regard to comets 

(1.) Comets, both tail and nucleus are transparent. 

(2.) Light is transmitted tlii*ough comets without refraction; hence 
the cometary substance can be neither gaseous nor liquid. 

(:i.) Tlie liglit is polarised, and therefore borrowed from the sun. 

(4.) Comets have no phases like those of moon and planets. 

(5.) They exorcise no perturbing infinences. 

(6.) Donates comet (which was then visible) in its details and its 
contour is changing every day — ^according to Piaz7ii, almost hourly. 

(7.) The density of a comet is extremely small. 

(8.) The absolute weight is sometimes small (von Littrow having 
calculated tho inaBses of very small comets, tail and all, as scarcely 
reaching 8 lbs ). 

From those data tlie following conclusions might be drawn : — 

(1.) That a comet's tail must consist of a swarm of extremely small 
but solid particles, therefore granules. 

(2.) That every granule is far away from its neighbour — in fact, 
so far tbat a ray of light may have an anintorrupted course through 
the swarm. 

(3.) That these granulcN, suspended in space, move freely and yield 
to outer and inner agencies— agglomerate, condense, or expand ; that 
a comet’s nucleus, where one is present, is nothing else than such an 
agglomeration of loose substanceH consisting of particles. 

Hence we must pictui'e a comet as a loose, transparent, illuminated, 
free-moving swarm of small solid granules suspended in empty space. 

The next step in Reichenbach's reasoning was to show that 
meteorites (of which he had a profound knowledge) were really 
composed of granules. 

He pointed out that these granules (since called chondroi) formed 
really the charact eristic structuio both of irons and stones, so that both 
orders were chiefiy aggregates of chondroi — stony ones in iron 
meteorites, iron ones in stony meteorites. 

e Poggendorfr, * .ATnmlen/ rot. 106, 1868, p. 488. ^ 
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In some irons, bucIi as Zaoatecas, they exist as big as walnuts, 
fiimly adherent, bat they can be separated ; inside these are balls of 
troilite often firmly embedded, so that on breaking the meteorite they 
will divide, bat in other cases so loose that they fall out, and they are 
smooth enough to roll off a table. 

Sometimes ohondroi have smaller ones sprinkled in them, sometimes 
dark chondroi have white earthy kernels. 

In some cases these chondroi are so plentiful as to form nearly the 
whole mass of the meteorite. They are often perfectly i*ound, bnt 
not always, and they are so often so loose that they tumblo out and 
leave an empty smooth spherical cavity. 

The stones chiefly consist of such chondroi and their lUhrU, 

He odds that each magnetic chontlros Is an independent crystal- 
lised individual — it is a stranger in tho meteorite. Every choudros 
was ouce a complete, independent, though minute meteorite. It is 
embedded like a shell in limestone. Millions of years may have passed 
between the formation of the spherule and its omboddal.*’ 

He finally remarks that tho chondroi of mctcoriti^s indicate a con- 
densation of inuumerablo bodies such as wo see must exist in the case 
of comets \ further, that they have been formed in a state of unrest 
and impact from all sides. Many meteorites are true breccias ; they 
have many times suffered mechanical violence : in comets we have 
seen precisely the conditions whore such forces could operate, and 
hence he arrives at the view that comets and meteorites maybe 
nothing else but one and the same phenomenon.” 

Schiaparelli* in 1886 showed the prt»bability that comets, with 
which he had identified certain recurring streams of shooting stars, 
were swarms of meteorites drawn from tho depths of space by the 
attraction of the outer planets of the solar system or by the general 
attraction of tho system itself. 

Schiaparelli did not look upon tho head of a comet as a swarm of 
meteors as Beichenbach did, but regarded it as the largest metecodte 
in the stream which produced tho star-shower. “Nous voioi done 
amvds a cette consdquonco vdritablement inattendue, que la grande 
com&te de 1862 n'est autre qu’une des Fers^ides du mois d’Aoflt, et 
e'est probabloment la plus considerable de toutes.” t 

Professor Tait in 1869, supporting the opinion of Reiohenbaoh, 
showed that the cometary phenomena to which Beichenbach had 
called attention could bo meohanically explained by the assumption 
of a cloud of meteorites. 

He writes : “ The principal object of the paper is to investigate 
bow for the singular phenomena exhibited by the tails of comets, and 
by the envelopes of their nuclei, the shrinking of their nuclei as they 

e * Iab Mondei,' toU. 12 and 13, 1886. 
t Schiaparelli, * lies Mondos,’ vol. 18, p. 76, 1867. 
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approaok the aim, and vice versd, as well as the diminution of period 
presented by some of iheni) can be explained on the probable supposi- 
tion that a comot is a mere cloud of small masses suoK as stones and 
fragments of meteoric iron, shining by reflected light alone, except 
where these masses impinge on ono another, or on other matter 
circulating round the sun, and thus produce luminous gases, along 
with considerable modifications of their relative motions. Thus the 
gaseous spectrum of the nucleus was assigned to the same impacts 
which throw out from the ranks those masses which form the tail.*** 

It is not too much to say that at the present timo it is generally 
accepted that the heads of comets are meteor-swarms, possibly the 
densest portion of each swarm, or portions with the same orbit in the 
case of multiple comets. 

I propose now to set forth tho spectroscopic evidence which I have 
obtained bearing upon tho nature of, and the changes which take place 
in, these meteoric swarms which have become entangled in our 
system. 

II. Comets at Aphelion. Lowest Temperature. 

Magnesium Badiaiionf \ TiOO. 

When a tube such as T have already described is used in experiments 
to determine the spectioim of meteoric dust at tho lowest temperature,, 
we find that the dust in many cases gives a spectrum containing the 
magnesium fluting at 500, which is characteristic of the nebulm, and 
is often seen alone in them. If the difTerence between nebulm and 
comets is merely of cosmographical position, one being out of tho 
solar system, and ono being in it, and further, if the conditions as 
regards rest are tho same, the spectrum should bo the same, and we 
ought to find this lino in the spectrum of comets, wbon the swarm 
most approaches the undisturbed nebulous condition, the number of 
collisions being at or near a minimum, i.e., when the comet is near 
aphelion, the fluting should bo visible alone. 

As a matter of fact in comets of 1866 and 1867, when they were 
observed away from the sun, the only line seen was the one at 500. f 

It is probable also that the fourth band mentioned Konkoly in 

• Tait, ' Bdinb. Boy. Soc. Proo.,’ vol. 6, p. 653 (1860). 

t ** In January, 1866, I communioatod to tho Bo^al Sodety the result of an 
examination of a small comet visible in the beginning of that year (' Roy. Soo. 
Proo.,* vol. 16, p* 6). I examined the spectrum of another small and faint comet in 
May, 1867. The spectra of these objects, so far as Iheir feeble light permitted 
them to be observed, appeared to be very similar. In the case of each of these 
comets the spectrum of the minute nucleus appeared to consist of a bright line 
between 6 and F, about the position of the double line of the spectrum of 
nitrogen, while the nebulosity surrounding the nucleus and forming the coma 
gate a spectrum which wav apparently continuous '* (Huggins, ' Boy. Soo. Proo.,’ 
vol. 16, p. 381). ^ 
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hiB observaiions on the €h^i Comet (6) 1662 (date of perihelion 
passage September 27th) on November let, was the low- temperature 
Anting of magnesium at 500. Bj that date the D lino and the carbon 
Autings had passed their maximum intensity, and had begun to fade 
out. 

The same Anting was also seen by Vogel in Coggia’s Comet (IV, 
1874) as a bright lino at about 499, when the comet was yot a month 
from perihelion, and when therefore the appearance of the low- 
temperature characteristic of the magnesium spectrum would be 
expected. 

It is fair to myself to say that I was not aware of those observa- 
tions when I began my recent researches. The fact of the line at 
500 remaining alone in Nova Gygni^ however, made it clear that if 
my views were correct, the same thing should happen with comets. 
It now turns out that the crucial observation which I intended to 
make was made more than twenty-two years ago. 

This spectroscopic evidence is of the strongest, but it does not 
stand alone ; comets at aphelion present the telescopic appearance for 
the most part of globular iiobulm. 

If it be taken as generally accepted tliat comets are of nebulous 
origin, it must be remembered that there are no visible nebulm near 
enough to our system to supply this material. Prior, therefore, to the 
effects produced by solar or planetary attroctioM, the material was in 
a state of repose ; there were no colUdom, and therefore no luminoeity. 
It is not surprising, then, that the faintest comets and the faintest 
nebul» should both, as a rule, be of globular form. 

Oathon Radiation. 

It is well known that comets generally give us the speotrum of 
carbon at some time or another on their journey to and from the sun. 
The question arises, is thei^ any evidence that when at some dis- 
tance from the sun the carbon phenomena observed indicate a low- 
temperature ? Is the presence of low-temperaturo magnesium asso- 
ciated with low-temperature Autings of carbon P 

In my paper* of November 17th, 1867, I gave a map showing the 
two sets of Autings, and one to show low and high temperatures. 
The brightest edges of the three principal Autings in the low-tempera- 
ture spectrum are at wavedengths 5197, 5607, and 483‘B, and those 
in the high-temporature spectrum are at 516*4, 563*3, and 473*6. 
The two Arst Autings in each of the two spectra fall pretty near to 
those in the other, and a considerable degree of accuracy, which has 
not in a great number of cases been attained in the ob^rvations of 
oometary bauds, is therefore necessary before we can say with abso- 

* * Boy. Soc« Yo], 43, p. 182. ' 
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late certainty from observations of either of these two bands whether 
the Bpeotmm is that of hot or cool carbon. 

If, however, the fluting at 483 is present, we can be certain that 
we have to deal with cool carbon, because no hot carbon fluting falls 
near that wavo-longth. In laboratory experiments with Ocissler 
tubes, the passage from one spectrum to the other is very gradual, 
BO that it is not uncommon to have the two spectra superposed, and 
we might therefore expect a reproduction of this in oometary spectra, 
and I have no doubt that the changes from the cool to the hot carbon 
spectrum are answerable for many of the apparent discrepancies in 
different observations of the same comet, as I pointed out in Novemiber, 
1887. 

There is another difficulty which must not bo passed over ; indi- 
vidual observations have not in all cases been rcconied. Observers 
have in many oases been in the habit of giving the means of their 
several observations, and hence the differences in wave-length of the 
flutings due to the changes f 1*001 cool to hot carbon, or Wee verad, if 
they exist, cannot be certainly followed in many cases. 

A discussion of all tlie recorded observations at my disposal, how- 
ever, shows that in some comets wo have distinct evidence of cool 
carbon flutings, but as happens with the magnesium fluting at \ 500, 
the observations recording them are comparatively few. The reason 
is probably the same in both eases, namely, that the temperature 
being low, the light is consequently excessively feeble, and obser- 
vations are veiy difiicult. 

We have evidence of cool carbon in Winnocko’s Comet, 1868 (peri- 
helion passage, June 25th). Ou the 17th June, M. Wolf* recorded 
throe flutings, the wave-lengths of which, as determined by a curve, 
are about 480, 517, and 560. These differ from their equivalents in 
the cool carbon spectrum by almost equal amounts, so there can 
be little doubt that the comet’s spectrum was that of cool 
carbon. 

At the return of this comet in 1877, cool carbon was again ob- 
served when it was about a month from perihelion.'l' The perihelion 
passage ooourrod on April 17th, and the observation was made on 
May 15th. Two bands were measured, one at 517, and the other 
near 483. Another was also seen near 561. As the ointerion for cool 
carbon is the fluting at 483, there can be no doubt of its identity in 
this case. 

Again, in Brorsen's Comet (1879), perihelion passage 30th March, 
Eonkolyt observed three flntings at wave-lengths 482*3, 514*6, and 
560*5, the first of which coincides very nearly with the characteristic 

* * Cemptee Bendus,’ vol. 60, p. 1886. 
t ' Gmawioh OtMerTStioiis,’ 1867, p. 101. 
t*Astr.lSrftohr.,*No.8869. 
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flating of cool carbon at 483. This observation was made on the 
25th of Maroh. 

III. Comets about Mean Distance— 2nd Stage ok Heat. 

When meteorite dust is more strongly heated in a glow tube, the 
whole tube, when the electric current is passing, gives us the fluted 
spectrum of carbon, and other bright metallic flutings are added to 
that of magnesium at 500. Among those metallic flu tings which are 
first added may be chiefly mentioned Mg 6210 and Mn (1) 668. 

Both these as well as the high-temperatore flating of carbon, have 
been seen in comets, and I now proceed to give the details of the 
observations. 


Magnviriam lladiaiwny 5210. 

While comets at their lowest temperatures give the magnesium 
flating at 500, as they approach perihelion, to ibis is ad tied the fluting 
at 6210. The result when this is seen with the 617 fluting of carbon, 




Hot oorboti radiation. 
Ma^esium radiation. 
Tntogroted reiult. 
Ooniot d, 1880. 


7lO. 1.— 'Diagram showing tba nwiilt of the integration of tho hot carbon fluting at 
617 and the magnesium fluting at 521, oompared with Comet d, 1880. 

which is always present, is an apparent displacement of the carbon 
flating to a less refrangible position as shown in fig. 1. This probably 
occurred in the following comets : — 


Wave- 

length. 

Kame of 
Comet. 

Date of 
observation. 

P.P. 

P.D. 

Observer. 

610 1 
6ao-o 

d 1880 
HI 1881 

7 0ot., 1880 

27 Juno, 1881 

6 Sept, 
18 June 

0-7846 

Chriitie.* 

HMMlbwg.t 


* * Astron. Soo. Monthly yotices,* vol, 41, p. 58. 

Pamphlet. * M^m. de I'Acad. d« St. P4tcrBbourg,' vol. 28, Xo. 2. 
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It vill be seen that in each of these cases the observations vrero 
made when the comets were at a considerable distance from perihelion, 
when the temperature would not be very high, although higher than 
that which gives Mg 500. 

Carbon Radiation, 

When a comet gets nearer the sun there is a change in its spectrum 
similar to that observed in the experimental tube at the second stage 
of heat. Not only does the magnesium radiation change, as we have 
seen, but the spectrum of carbon, produced from some compound of 
carbon or another, in nineteen coses out of twenty when the comet 
gets nearer the sun, and near enough to the earth to be satisfactorily 
observed, becomes most prominent. 

Under these conditions, under which comets generally lend them- 
selves best to specti'oscopio study, the spectrum consists chiefly there- 
fore of the flu tings of hot carbon. In the majority of cases the 
spectrum of a comet has not been recorded until it has arrived at 
this stage of temperature. 

The three chief flutings of hot carbon have their least refrangible 
maxima at approximately 517, 564, and 474. The accompanying 
table indicates some of the comets in which they have been observed. 
The variations in the position of the citron band will be again re- 
ferred to. 

It is necessary to state that the maximum luminosity of the blue 
band, under some conditions, is at about 468. As I have so often 
had occasion to refer to this, I here reproduce (fig. 2) one of the 


1 . 


2 . 


3 . 


I'm. S.— Spectra of Alcohol at diferent Frenures. 

1. Highest prasrare. 2. Lower preeiure. 3. Lowest pressiue. 
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many photographs of the spectra of carbon compounds which show it. 
The diagram is taken from a photograph of the spectram of alcohol 
vaponr in a capillary tube with a 9-inch spark. 

The conditions under which this band has its maximum luminosity 
at 468 in Gfeissler tubes socm to be those of maximum conductivity. 
If the pressure bo high all the members of the group are sharp, and 
the luminosity of the band is almost uniform thronghout. This 
always occurs when the pressure is very low. At intermediate stages 
of pressure, however, the luniinosity of the band has a very decided 
maximum at about 468. 

This latter condition lias been reproduced in many comets, though 
generally the band has been stated to end at 474, or thereabouts, the 
maximum possibly having boon overlooked. 

It seems probable that a detailed study of this band in onr labora- 
tories will enable us in the future to dotermino the approximate 
tcmperatui'o of a comet by the appearance of this band in its 
spectrum. 

In the spectrum of Comet h, 1881 (Obsorvaiion, June 28th, P.P. 
June 16, ‘ Copernicus,’ vol. 2, p. 227), Copeland states that this band 
has a fairly sharp edge at 474, and a maximum at 466. 

To meaHai*e a maximum in any band is at all times difficult — and 
extremely so in the cases of cometary spectra — and Copeland says of 
the above comet: — “The spootrum seemed to change in intensity 
from moment to moment like a dancing aurora borealis." 

The following table includes the above case, and gives also two 
other comets in which the blue baud had the same appearance ; — 


Ss 

|l 

Name of 
oofiiet. 

When 

observed. 

P.P. 

P.I>. 

Observer. 

S'* 







47a 

469 


4 June, 
1874 

8 July, 
1874 

0-6767 

VogeL* 

473 

408 

Cc^xet III, 

28 June, 

18 June, 

0*7345 

Copeknd.f 



1881 

1881 

1881 


474 

470 

Comat IV, 
1881 

22 Aug., 
1881 

22 Aug, 
1881 

00311 

Oope]sikd.t 


Tha L'regulariHea Observed %n ihe Oitron FhUing, 

It has long been known that the least refrangible band in oometary 
spectra shows great variation in position from the edge of the true 
citron carbon-band at 564, and many of these variations have been 

e * Aitr. Fhjs. Ob*.,’ vol. 2, p. 180. t ' Oopernieui/ vol. 8, p. 2^. 
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attribated to faulty obBonration ; bat this is certainly not so in M 

The following, whioh I quote from Dr. Copeland’s discnsgton of 
obaervations on comet spectra, is important in its bearing upon this 
point; — '^We cannot omit to say a few words about the first — 
yellowish-green band. It is generally described as similar to the two 
other bands, beginning brightest towards the red, and fading 
gradually away towards the violet. It is tme the dispersive power 
of the instrument greatly modifies the appearance, but wo mast say, 
that under high dispersion wo have never seen the first band like the 
others ; it always faded away on both sides, and had seldom a very 
marked maximum, sometimes it had two, and, perhaps, more, and it 
seems to be the only band which shows an essentially different 
appearance in different comets, and, therefore, deserves always a 
special examination. Unfortunately, it is nearly always the faintest 
band, and difficult to deal with, and only in Comet III, 1881, traces of 
what may be bright lines were rocognlsablo ; that the iron linos have 
any connexion with it is very doubtful, since E falls outside of it.”* 

Again, Professor Young remarks : — 

It is hardly necessary to say that tho evidence as to the identity 
of tho fiame and comet spectrum is almost overwhelming. Tho 
pcouHor, ill-defined appearance of the cometary bands at tho time of 
the comet’s greatest brightness is, however, something which I have 
not succeeded in imitating with the flame spectrum. Tho comet 
spectrum on July 25th certainly presented a general appearance quite 
different from that of the later observations os regards the definition 
of the bands,”t 

Other observers have also remarked this variability in the cilrt>n 
band. 

A discussion of tbo recorded observations shows that this varia- 
bility is perfectly regular, and depends chiefly on the distance of tbo 
comet from perihelion. When carbon first makes its appearance in 
the spectrum as the comet approaches the sun, tho wave-length of 
the citron band agrees with that of the carbon fluting at 564. As 
the comet gets nearer perihelion tho changes begin, and 1 now proceed 
to show that the irregularities are produced by a special case of 
masking duo to the addition of the radiation of manganese or of 
manganese and lead. 

In the Bakerian Lecture (page 63) T showed that in the spectra of 
some ** stars ” tho chaructoristics of the spectra of many substances 
ore oonsiderably modified by what I called “masking.” Thus in tbo 
early species of Group II wo have manganese indicated, not by tho 
first fluting at 558, but by the second at 586. This is due to the 

* * Copernicus,* vol. 2, p. 843. 
t * Amer. Journ. Sci.,’ 8 eeriet, vol. 22, p. 167. 
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masking effect of the bright carbon fluting beginning at 564. The 
radiation of manganese, and sometimes of lead, is added to that of 
carbon, since the first fluting (558) of manganese falls in the carbon 
band ; the result is a new tend of a different form. A further com- 
plication, as we shall see, is added when lead, as well as manganese, 
makes its appearance. 

The addition of the manganese radiation does not take place in all 
comets at an equal number of days from the perihelion passage ; it 
depends upon the perihelion distance, so that the irregularities in 
question are not observed in all comets. 

Manganese Radiatiou, 

When we deal with the integration of the bright manganeso 
fluting at 558, which fades away towards the red, and tho carbon 
fluting at 564, fading towards the blue, we have as a result a band 
brightest iu tho centre and fading off in both directions. If both 
flutings are well developed there will be a single broad maximum 
extending from 558 to 564, as shown in fig. 3. If both wore rather 


I 

I 

◄ 


I 

I 

I 

t 


Hot carbon radiation. 


Manganeie radiation. 

Integrated result. 

Great Comet lSfi2 (Cope- 
land). 


FiO. 8.— Diagram showing the result of the integration of hot carbon (617) and 
manganese (568) radiation, compared with the Great Comet of 1882. 


feeble there would be two maxima, one at 558 aud one at 564; but 
this condition has not yet been recorded. 

In the Great Comet of 1882, when at a considerable distance from 
the sun, on October 22nd, the perihelion passage ocourring on Sep- 
tember 17th, the broad maximum condition, as shown in fig. 3, was 
recoinled by Copeland. 
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This also ooourred in the following comets 



666 Kncke's y, 1871 . • • • Vogel*,, 11 Not., ' 71 28 Deo., *7l 0*882876 

658 Comet IV, 1874. . .. Konlrol^t 7 Sept., ’74 27 it ug,, *74 0*8686 

666 „ 1, 1877 SeochiJ .. 2 Mar., *77 19 Jan , ’77 0*8074 

668 Winnecke's, 1877 .. Copeland§ 6 May, *77 17 A.pr., *77 0*007768 
657 Croat Comot of 1882 Copelandil Oct. 22, 23 17 Sept., *82 0*9499 


Lead Radiation, 

When to the radiation of carbon and manganese that of lead is 
added (546 fluting), three maxima are seen, as shown in fig. 4. 


r 

i 

Ilf 

\ H 


Hot carbon radiation. 


Manganeee radiation. 


Lead radiation. 


Integrated reeult. 


Comot III, 1881. 


Vig. 4.— Diagram showing the reault of the integration of hot carbon, manganeee, 
and lead radiations, compared with the Spectrum of Comet III, 1881. 

This condition has been recorded in two comets, as in the following 


I Name of comet. I Observer, 


668,666,646 Comet III, 1881 Copelandf 27 July .. 
661, 667, 644 Comet IV, 1881 Copeland** 22 August 


• * Botbk. Baob.,’ vol, 1, p. (50. + * Spect. der Cometen,* p. 60. 

t ‘Spec, dor Cometen,’ p. 01. § ‘Monthly Notices,’ vol. 87, p. 482. 

II * CopemicuB,' vol. 2, p. 241. ^ ‘ Oopernicua,' toI. 2, p. 226. 

•* ‘CoporniouB,’ Tol. 2, p. 228. 
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IV. ThB SlilOlil IHUIPUTBLT PkKCEDINQ PbBIHCLIOI!. 

Mmganese Ahiorptim, 

It has been pointed ont that in the case of a comet approaching 
perihelion, manganese is first represented by the radiation of the 
fluting at S58. As the comet gets nearer to perihelion, if the 
perihelion distance be sufficienfly small, ivo find the radiation of 
manganese replaced by absorption. 

The reason that the presence of the strongest manganese fluting at 
558 has not been previously recoided is, 1 fancy, that the masking 
effects of one spectrum on another, to which I referred in the Ilakorian 
liecturo, have not been present in the minds of even those observers 
who wore familiar with low- temperature spectra. 

I have obtained abundant evidence that the masking phenomena 
manifest themselves in the spectra of comets, but since there is in 
general so little continuous spectrum to be absorbed (from which we 
can gather that the meteorites are farther apart in comets at this stage 
than they are in many stars of Group II}, w^o have chiefly to deal, 
when discussing absorption, with the masking of the radiating citron 
fluting of carbon by the absorption of metallic vapours. 

The way in which the manganese absorption shows itself in comets 
is generally by the obliteration of the red end of the citron fluting, 
which produces an apparent shifting of the carbon fluting towards the 
more refrangible part of the spectrum. The way in which this comes 
about is shown in fig. 5. The manganese absorption xnasks the 


Jlot carbon radiation. 


AUnganese absorption. 


IntograUd result 
Gemot 111, IBOS. 


Fig. 6.— Diagram showing the result of the integration of hot carbon radiation and 
manganese absorption, compared with Comet 111, 1868. 

brightest part of the carbon fluting, leaving a sharp edge at 558. 
This has been observed in eight comets when not far from perihelion, 
namely ; — 
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Wave- 

lengthi. 

Namo of comet. 

Observer. 

Date of 
observation. 

P.P. 

P.O. 

666 

Comot I, 1864 

Donati* .. 

Aug. 0. . . . 

Aur. 16i. 

0-00089 

569 

Winneoke'i III, 1868 

Hugffintt 

•Tune 22 .. 

•Tune 26 . . 

0-781588 

668 

Xuttle’i TV, 1871.... 

Vogelt. . • • 

Nov. 13 .. 

Nov. 30.. 

1 03011 

669 

Uneke'i V, 1871 . . • 

Young§ .. 

Dec.l...,| 

1 Dec. 88 . . 

O' 882876 

557 

Coggia'i Ilf, 1874 . . 

Vogel||.... 

June 7. . . . 

1 June 8 . . 

0'6767 

666 

Winneoko’i, 1877. . . . 

Copelandf' 

April 18 . . 

April 17.. 

0* * § 9499 

659 

PHliia's (/, 1879 .... 

Konkoly** 

Oct. 6 .... 

Oct. 8* . . . 

0'0896 

558 

Welli’i T, 1882 

Copelandtt 

May 28 .. 

Juno 10 .. 

0 00076 

567 

Great Comet 11, 1882 

Copelandjt 

Sept. 18 . . 

Sept, 17.. 

1 

0 007783 


Tho rennlt is an apparent displacement of the 564 fluting, whilst the 
517 fluting retains its position. This is by far the most general case 
of masking in comets. 

D’Arrest (* Astr. Nadir.,* No. 2001, p. speaking of Coggia*s 
Comet, says: — “Tho centre shows a bright continuous spectrum with 
some dark absorption bands.’* This observation was made on Juno 
15th, and the perihelion pa.S8age of the comet took place on July 8th, 
1874. The statement is so indefinite, however, that to determine the 
origin of tho hands is almost out of the question. It is probable that 
one of the bands at least was due to manganuse. The above view is 
strengthened by the fact that Yogel’s observation on Juno 15th (* Astr. 
Nochr.,’ voh 85, p. 19) gave indications of inanganeee absorption. 

There is another interesting point in connexion with manganese. 
In tho second part of this Appendix I show that the principal 
aurora line (557) is in all probability tho remnant of the manganese 
fluting at 558, and hence there is a close relation between tho spectrum 
of the aui'oi*a and cometary spectra. Professor Young recognised 
this relation as far back ns 1872, but be attached no importance to it. 
In a note on Encke’s Comet§§ he states that, “Although quite probably 
merely accidental, it may bo also worth noting that the principal line 
of tho aurora, spectrum (wave-length 5568) very closely coincides 
with tho lowest (cometary) band.” 


Lead AhaorpUon. 

In other cases wo have, in addition to the absorption of manganese, 
the absorption of tho lead fluting at 546. The result of this is a much 
greater apparent shifting of tho carbon fluting at 564, as shown in 
fig. 6. In the absence of the carbon fluting 564, which is not so 


• ‘ Speotmdw Cometen,* p. 2^. 

t ‘ Phil. Trans.,’ yol. 158, p. 666. 

t -Bothk. vol. 1, p. 62. 

§ * Amer. Journ. Sci.,* vol. 8, p. 81. 

)| *Astr. Nachr.,’ vol. 85, p. 12, 
VOL. Ilt. 


^ ‘ MontIUy Notices,’ vol. 87, p. 432. 
•* • A»tr. Noohr.,’ vol. 92, p. 301, 
ft ‘ Copemioua,’ vol. 8, p. 288. 
tt ‘ Copemioue,’ vol. 2, p. 283. 

§§ * Amer. Journ,/ vol 3, Feb,, 1872, 
N 
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■m 


I 


- Hot carbon radiatioD. 
Manganese absorption. 
Lead absorption. 
Integrated result. 
Comet I, 1868. 


Fig. C.— Diagram showing the result of the integration of hot carbon radiation and 
the absorption of manganese and leadi compared with Comet 1, 1868. 


persistent as the one at 517, we should still get pi-etty nearly tho 
same result by contrast; that is, the darkening duo to absorption 
commencing at 54*5 would give rise to an appax'ent bright fluting at 
546, fading away on the more refrangible side. This occurred in the 
following comets ; — 


Wave- 

louglhs. 

Name of comet. 

Obier%'cr. 

Date of 
obsorration. 

P.P. 

P.D. 

641 

546- 8 

547- 4 
517-6 

Brorsen’e 1, 1868 . . . 

WelU'e 1, 1882 

Great Comet IX, 1882 
Broreen's o, 1879. . . . 

Hugmne* 

Co^andt 

Copebneij 

Copelondf 

April 29 .. 
June 1 . . . . 
Sept. 18 .. 
April 2. . . . 

1 April 20.. 

1 Juno 10 . . 
j Sept. 17 . . 

1 Maroh 30 

0-696762 

0-06076 

0-007763 

0-580 


It is important to note, as a test of the validity of this explana- 
tion, that the lead fluting never occurs without the manganese one, 
otherwise we should get two bright maxima, one at 564, and the other 
at 546. 

In the case of Comet III, 1881, it seems probable that both the first 
and second flutings of lead were absorbing. Copeland (* Copernicus/ 
vol. 2, p. 226) states that on June 25th, there was a dork baud at 
567*9. Tho perihelion passage of the comet ocoui*red on June 
16tli, and the band was not seen in its speotrum on any other 
occasion. 

Thero can bo little doubt that the band at 567*9 was due to lead 

• * Soo. proo * rol. 16, p. 386, t * Coperaiou*/ vol. 2, p. 237. 

t * Copernicus/ vol. 2, p. 2S3. § ‘ Monthlj Kbticoi/ vol. 89. p. 480. 
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(\ ss 568). The amount of load in the comet was probably small, and 
the first band at 546 was evidently masked by the bright carbon 
fluting observed on the same date. The diminution in brightness of 
the comet as it receded from perihelion would account for the band 
not being seen after Jane 25th. 

Carbon Absorption. 

There are a few cases in which we probably have to deal with 
comparatively feeble manganese absorption, together with the 
absorption of cool carbon masking the radiation of hot carbon. Here 
both the hot carbon flu tings are a&cted, instead of one as in the 
previous cases. With regard to the 564 fluting, we have the cool 
carbon absorption fluting at 560*7, masking the third maximum of the 
hot carbon fluting at 554, and the manganese fluting nt 558 dimming 
the first maximum. The result is a band with two maxima as shown 
in fig. 7, one of these being at 564 and the other at 554 (the 


ilot carbon radiation. 

Cool carbon abaorption. 

Manaanese absorption. 

Integrated rceult. 

Coggia's Comet, 1874. 

Tig. 7. — ^Map sbowing the reeult of the integration of hot carbon radiation and tiie 
absorption of oool carbon and manganese, compared with Coggia’s Comet, 1874. 

third maximum of the hot carbon flutings), the latter being the 
blighter. 

With regard to the other hot carbon fluting at 517, we have the 
cool carbon absorption masking the first maximum, and we get the 
apparently paradoxical result of the second maximum of the fluting 
being brighter than the first, as shown in fig. 7. 

It is probable, too, that at this stage the outer layers of the hot 
carbon vapour would also begin to absorb ; this would show itself in 
the brightest least refraugihle maxima. Just as the masking of D by 
the balanoing of absorption and radiation gives us the green line of 
sodium in the absence of D in some of the condensiiig awarms, we 
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slionld here get the second maxima of the two flatings brighter than 
the first. 

This double effect on the carbon flatings at 564) and 517 of masking 
by cool carbon and manganese was indicated in Coggia’s Comet when 
it was about a month from perihelion, and in the Comet III, 1881, 
twelve days after perihelion, as shown below : — 


Wavo- 

lengUis. 

Name of comet. 

Observer. 

Date of 
observation. 

P.P. 

P.D. 

664-663 

658-663 

1 

1 

Ooggi.’. Ill, 1874 .. 
Comot III, 1881 .. .. 

Vogel*.... 

Oopelandf 

June IS . . 
Juno 28 .. 

July 8 •• 
J uno 16 . . 1 

0-6767 

0-7846 


Iron Ahsor^Hon. 

In addition to the absorption flatings of load and maTiganese as 
indicated by their masking effects upon tho carbon fluting at 564, we 
have indications of the absorption of the iron fluting at 615. 

In Comet Wells Vogel { saw on June 2nd (tho perihelion passage 
occurring on June 10th) a bright fluting with its brightest edge at 
618, fading towards the blue, which he attributed to hydrocarbon. 
This was undoubtedly a contrast hand duo to tho absorption of the 
iron fluting at 615. Hassolberg also observed in the same comet on 
.lane 5th a fluting with its sharpest edge at 615*7, which ho supposed 
to be the red sodium line at 615. Tho iron fluting has its maximum 
at 615, and fades away on the less refrangible side ; hence, when 
absorbing, it will give rise to such an apparent bright band as that 
observed by Vogel and Hasselberg in Comet Wells. 

V. Thb Final Stack of Hrat — Pbbihklion, 

There is evidence to show that when a comet arrives at its shortest 
distance from tho sau, the mean temperate re effects are exceeded ; 
and that, speaking gencmlly, a line replaces a fluted spoctinim, and 
we pass from a spectrum very similar to that which we ordinarily 
get in a glow- tube to one which we cannot produce in it until wo 
employ the highest temperature. The spectral conditions brought 
about in the comets which in our time have got nearest to the sun, 
Imve been almost similar to those observed in the uzy-coal-gas flame ; 
»md the recorded observations of the spectrum show that we are 
dealing with the lines of iron, manganese, and other substances seen 
at that temperature, which is below that of the electric arc. 

We see in the telescope that a comet under the conditions of near 

• ‘ Aitr. Niichr.,’ vol. 86, p. 12. t * Copernicus,’ toI. 2, p. 226. 

t ■ Astr. Nachr./ p. 2437. 
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Approach to the sun, puts on the appearance of a central unclens 
(or nuclei), with aarrounding enTelopes, or jets, or both. Beoanse 
the former now falls upon one port of the slit of the spectroscope, and 
the latter upon another, the difierenco between the nucleus and the 
envelopes is best* made out when the comet is nearest to the snn and 
earth. 

When a comet approaches verj near to the sun, wo get tho bi'ight 
lines, especially in the spectrum of the nucleus^ so that in addition to tlu) 
long flutings of cai*bon (if they be then visible), we have short lines 
added along tho nucleus in the rod, yellow, green, and so on. 

The lines characteristic of the moro volatile substances extend some 
distance from the nucleus. 

It does not always happen, however, that a comet gives a bright 
line spectrum while near or at perihelion, for the perihelion passage 
may occur at some distance from the sun, and then the spectrum 
will be simpler. 

In Comets 1881 (perihelion passage June 16), and d, 1882 
(perihelion passage September 17), the only lines I'ecorded were 
magnesium b ; but the apparent absence of the other linos might be 
due to continuous spectrum. 

It should bo noted that tho greatest brilliancy and maximum of 
action is observed after perihelion, hence the temperature must be 
highest after perihelion. 


Magnesium Radiation, 

In cometary spectra we have already seen that magnesium is iii'.st 
indicated by the fluting at 500, and at a more advanced stage by tho 
fluting at 521. There is evidence to show that magnesium is repre- 
sented by b at periheliou. This was the case in the Great Comet of 
1882 as observed by Copeland on September 18th, the day after 
perihelion passage b was probably also seen in Comet 111, 1881, by 
Copeland* (perihelion passage, June 16th). It is described as a well- 
defined bright line standing ut the edge of the bright-green baud. 

Carbon Radiation. 

The disappearance of the flutings of carbon in comets whicli have 
short perihelion distances when near perihelion, taken in oonjunotiou 
with laboratory experiments, at once suggests that the disappearance 
of the flutings ought to be accompanied by the appearance of carbon 
lines. 

The principal line in the spectrum of carbon is at wave-length 
'426. This has only been recorded on two occasions, in oometar}’^ 
spectra, namely in Comet Wells. On May 28th (perihelion passage, 

• ' Copornioui,* Tol. a, p 229. 
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.Fane 10th), Copeland recorded a bright line at 426'1, and it was also 
possibly shown in Huggins’s photograph of the speotrom of the same 
comet taken on May 31st, its waTe-length being given as 425*3, On 
each of these occasions, other evidences of carbon were entirely absent, 
and the bright lines present in the spectrnm gave indications of 
a relatively high temporatnro. 

There are several reasons why the oarbon line spectram has not 
been recorded a greater number of times. First, very few comets 
approach snfficiently near the snn to attain the nccessaxy temperature. 
Second, the principal line is in a part of the spectrum which is very 
diiBcnlt to observe. Even in the Great Comet of 1882, which was 
very bright, the observations did not go beyond 465. 

This conolusion cannot be regarded as final until careful di£Eoi*6ntia] 
observations of nnclens, envelopes, and jets are made. At present 
tbe exact part of the comet the spectram of which is described is 
generally not stated, and there is evidence that, up to the highest 
temperature produced by collisions, carbon in some form is liberated 
from the meteorites composing the cometary swarm. 

The Perihelion Conditions of the Or eat Comet of 1882, 

As the perihelion distances are different in different comets, we 
must expect the effects to be more decided in some cases than others. 
The most remarkable case since the beginning of spectroscopic inquiry 
was afforded by the Great Comet of 1882, most admirably observed 
by Copeland. 

It is found that many of the lines which have been observed at 
perihelion ore coincident with lines seen in experiments with meteo- 
rites, while the low temperature lines of magnesium are absent. In 
the Great Comet of 1882, the lines recorded were the D lines of 
sodium, the low temperature iron lines at 5268, 5327, 5371, 5790, and 
6024, the line seen in the manganese spectrum at the temperature of 
the bunsen burner at 5395, and a line near h which might be due to 
magnesium, or to a remnant of the carbon fluting. There were also 
four other linos less refrangible than D, the origin of which has not 
yet been determined. 

The following is a complete list of the lines recorded by Copeland 
and Lohse* on the day after perihelion passagif. The origins of the 
lines which xuy observations have suggested are also given. 


* Copemioutt,* voh 2, p. 230 
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Wave* 

lengths. 

Probable origins. 

Bright line 

602*8 

F«(X>8‘4k 


696*3 



595 *3 


1 II 

693*3 



692*1 


Faint soft brighlnc 0 !i 

590*0 


Bright Bi • . 

689*8 

Na. 

Bright I>s 

688*9 

Na. 

1 Short bright line 

670*7 

Pe 679*0. 

Broad band | 

1 560*1 

2nd max. of Mn 558 fluting. 


; 667*4 

Un 668. 

Bright line ' 

1 547*4 

?b 646*0. 

If • • . . . 1 

1 542 *8 


II II 

639*6 

Mn 640*0. 


1 586*9 

Po 587 *0. 


682*9 

Po532*7. 


626*9 

Po526*9. 

Bright 

620*7 

620*3 

Mg 621*0. 

A brightneiB 

517*0 

Mg (»). 

Soft band 

611*5 


Bnghtband 

610*6 
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Fig. 8 —Map allowing the probable origin of the ^peetnim of the Oreat Comet of 1S82 when near Perihelion. 
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^ Fig. 8 shows the probable origins of somo of the lines in the 
spectrum of the Qreat Comet of 1882. The horizontal line which 
rnns throngh the spectrum represents continnous Bpcotrum due to the 
bright nnoleuB. 

The Perihelion Oonditions of Comet Wells. 

Again, in Comet Wells almost the same phenomena were exhibited 
as in the Great Comet of 1882. In this case the perihelion passage 
occurred under such oonditions that the spectrum of the comet could 
not ho satisfactorily observed on account of the interference of day- 
light. Detailed obsorvations, however, were made when the comet 
was near perihelion and its temperature sufficiently high to giv<* 
bright lines. The following table gives the bright lines and bands 
with their probable origins, observed in the comet on May 3l8t, 1882, 
by Copeland* (perihelion j^assago June 10th). 


. 1 

Unfih. 1 Probable origin.. 1 

A hf ! 

6S8‘2 

625*5 

619*8 

596*8 

689*8 

688*8 

680*3 

573 '8 
640*6 
612*7 

601 *7 

1 

t 

1 

i 

Na. ! 

Na. 

Fe 679. 1 

Mn 640. 

c 613. ; 

Mg 600. 1 

Bright line or nearly >o 

Bright part, Una P. 

Bright "Dj 

Bright T)j 

Sharp bright part 

Slightly brighter than neighbourhood 

A bright part, maximum. 

Briglitest part in green 

Another maximum 


No origin can at present be suggested for the brightness at 573*8. 
Copeland only observed it on May Slst, and then noted it as being 
but “ slightly brighter th^ neighbourhood.’* 

Fig. 9 shows how the Spectrum of Comet Wells, on May 28th, can 
be very closely imitated by integrating the lines and flatiugs in tlie 
above table. 

Fig. 10 shows a siyiilar ootnparisoa for May Slst, when the comet 
was a little hotter. In both cases the low temperatiure fluting of 
magnesium was recorded; it probably had its origin .in somo cool 
part of the comet which was projected on the slit at the same time as 
the nucleus. 


* Co])ernleu«/ toI. 2, p. 229. 
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Fig. 10. — Map abo'iring the probable origin of the Spectrum of Wells’ Comet on May Slst, 18S2 (P.P. June 10th). 



184 


Mr. J. N. Lockyer. On the Claeeifieaiion [Jan. 10, 


Lme Absorption at FeriheUon^ 

haa been seen that the firsfc evidence of the appearance of ab- 
sorption in comets is that afforded by the fiatings of manganese and 
lead, which mask the citron band of carbon. The next indication of 
absorption is that of the iron fluting at 615. 

Line absorption was observed in Coggia’s Comet (1874) by 
Christie, on July 14th, but lie gives no definite wave-lengths for 
the lines seen. He says : — The spectrum of the nucleus was con- 
tinuouB ; it appeared to have traces of numerous bright bauds, and 
three or four dark lines also were seen on several occasions, but 
owing to passing clouds, they were lost befora their position could be 
deteimined. One appealed to be between D and E, another on the 
Uno side of 5, and a tliird near F * 

The perihelion passage of the comet oocurred on July 8th. 

There were also evidencos of absorption in Comet Wells, as observed 
at Gi'eenwicb. 

Two dark spaces were seen near F ; the less refi'angible one was 
measured and its wave-longtli determined as 4862 tenth-metres. It 
therefore probably is the F liue.”t 

Polariscopic observations have shown that part of the light i^eceived 
from comets is refiocted light, and it has been assumed that it is 
refiected sunlight that is in question. Dr. Huggins, in his valuable 
memoir on the Comet 1881 (^lioy. Soc. Proc.,’ vol. 83, p. 1), gives 
a photograph showing absorption lines which he states to be the 
ix^flccted lines of Fraunhofei*. 1 have not had an opportunity of 
seeing the original photograph, and it is therefore impossible to 
speak with confidence, but if the drawing is exact we are not deal- 
ing with reflected sunlight, ‘ for the hydrogen lines are too strong 
nud the relative thicknesses of H and K are dissimilar. But varia- 
tions from the solar spectrum ai'o to be noticed in the spectrum of a, 
Cygni, and they should bo reproduced in a cometary swarm when 
near the sun. 

An additional argument for this conclusion with respect to 
Huggins’s photograph is the absence of ultra-violet continuous spec- 
trum. As shown in the lithograph, the continnona speotmm appears 
to end rather abruptly, just in l^nt of the group of bright flutings 
3883. If we had to deal with reflected sunlight this oould not 
possibly happen. 

In describing the spectrum of the Great Comet of 1882, { as seen on 
the morning of September 18th, the day after the perihelion passage, 
Copeland refers to dark lines which he supposes to be the ordinary 

* * Sreenwioh Spectroioopio Observations/ 1875, p. 121. 
t * Monthly Notices/ vol. 42, p. 410. 
i * Copomieus/ vul. 2, p. 238 
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Fraunhofer lines. Some of the bright lines observed arc described 
as being to the redward side of dark lines. These are^ 

Da. 

547-4, 

542-8, 

639-5, 

536-9, 

532-9, 

526-9 (E), 

617-6. 

Tn the green there were two bands, one at 560*1, and the other at 
567, both as brood as the interval of D, which hod sharp dark lino 
<m their redward sides. 

In all probability those two bauds wore the first two maxima of the 
manganese fluting at 558. 

The dark lines which Copeland saw woro no donbt partly duo to 
(he spectrum of daylight, but some were also duo to the absorption 
taking place in the comet itself. The evidence for this conclusion is 
that some of the dark lines recorded in the conic tary specti-nm are 
altogether absent, or are exceedingly faint in the solar spectrum. 

Thus there are no dark lines in the solar spectrum to correspond 
with the dark lines in the spectrnm of the comet at 547‘4, 539' 5, 
and 517*6. The lines in the spectrum of the comet at 526*9 (E) 
532-9, 5S6-9, 542*8, D|, and which also oocui*s in the solar spec- 
trum, are probably common to both the spectrnm of the comet and 
the daylight spectrum. These arc lines which would bo likely to 
appear in the absorption spectrum of the comet, and hence it is 
highly probable that Copeland observed an integration of the mdiation 
and absorption spectra of the comet and that of daylight. 

A comet gives bright lines at perihelion because there is an action 
which drives the vapours away from the meteorites. 

The vapours being driven away with great velocity, the linos in 
their spectra ai-e displaced if the resolved part of the velocity in the 
line of sight be snfBoiently great. The vapours, however, would 
surround the meteorites at the moment they were produced by tho 
heat due to impacts, and there would therefore bo dark absorption 
lines which would not suffer displacement. The total result would 
aooordingly be bright lines and fiutings corresponding to thorn 
atranged alongside each other. Tliis, no doubt, was what Copoland 
observed in the Great Comet of 1882, tho vapours of sodium, iron, 
and lead were being driven away from the earth, the dark lines being 
on the more refrangible sides of the bright lines, while the man- 
ganese vapours were driven towards the earth, the dark flutings being 
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ooDseqaently (most probably in a different part of the comet) on the 
red ward sides of the bright ones. 

YI. General Statement with bkqakd to Carbon. 

The earliest spectroscopic observations of comets showed that 
carbon was a very important element in cometary spectra. Since 
then, as we have seen, carbozi has also been recorded in almost every 
comet which has been observed, although the spectrum is often 
greatly modified by the presence of other substances. The expori- 
meuta on the spectrum of carbon which 1 commenced many years ago, 
but which have been temporarily discontinued, show that there are 
several distinct stages in the spectrum of carbon. At very low 
temperatures all compounds of carbon give a spectrum consisting of 
whnt 1 have already referred to as the cool carbon flutings. A 
higher temperature gives what I have called the hot carbon fiutings, 
or carbon A. Finally we get the line spectram of carbon. Another 
condition, which is not yet completely understood, is marked by the 
appearance of the gioup l>eginning at 460, which I have called 
carbon B.* Associated with this are the giHDaps beginning at 420 and 
386, the relations of which to the line spectrum 1 liave already 
discussed in a coinmiinii^tton to the Royal Society ;t 1 here repro- 
duce a diagram, 6g. 11, which I then gave, showing this relation. 


Fig. 11. — Diagram showing the reUtion to temperotuve of the carbon line end the 
violet and ultra-violet carbon fi groups. Xho top boruou indicates the highest 
temperature. 

In the majority of cases the speoUmm of a comet has not been 
recorded until it has arrived at the hot carbon condition, but in the 

* Bakerian Lecture, p. 57. 
t * Rfiy. Soot. Froo.,' voL BO, p. 461. 
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case of Winneoke’s and Brorsen's Gomot, to which reference has 
already been made, wo have evidence to show that this Bpeotnim 
appeared as the cool carbon speefcram disappeared. 

In Winnecko’s Comet (perihelion passage Jane 25th) Wolfs 
observations on the 17th of June showed the cool carbon spectrum, as 
I have already stated. 

On the 22nd of Jane llaggins* recorded tliree bands at wave- 
lengths 469, 517, and 559. Nothing was recoi'ded near 483, the 
position of the characteristic cool carbon band, so that wo are jastified 
in assuming that the low-temperature condition had changed. The 
517 fluting agrees almost perfectly with the principal hot carbon 
fluting at 51G‘4. We have seen that the variability of the citron band 
is one of the principal features of cometary spectra, so that the apparent 
discrepancy in its position is of no importance here. 

The band at 469 was in all piubability the hot carbon band which 
begins at wave-length 474, but has its maximum of brightness at 
about 468. It is very probable, therefore, that during the time which 
elapsed between the oteervations of Wolf and Huggins the spectrum 
of the comet had changed from that of cool carbon to that of hot 
carbon. This change is precisely what we should expect, Huggins's 
observation being the one nearest to perihelion, when the comet was 
hottest. 

Again, we have evidence of the change from the spectrum of cool 
carbon to that of hot carbon in Brorsen’s Comet (1879), the perihelion 
passage of which occurred on the 30tb of March. Konkoly’s observa- 
tion on the 25th of March showed the oharaoteristic cool oarboii 
fluting at 483. Later observations wore made by Brodiohinf on the 
28tb, 29th, and Slat March and April 2nd. Eight observations of tht* 
citron band gave the wave-length as 551*3. Three measurements of 
the principal green band gave 510*2 as the mean wave-length, and three 
of the blue band gave 465*5 as its wave-length. Obviously, there was 
no cool carbon in the oomet spectrum on any of these dates, whioh are 
all nearer the date of perihelion passage than the date of Konkoly’s 
observations. It may be remarked that if the blue band is corrected 
as we have to correct the first green one to obtain the trne wave- 
length (516*4), we obtain a wave-length not for removed from that of 
the hot carbon band, 474. The apparent displacement of the citron 
carbon band has before been referred to. As in the case of 
Winneoke*B Comet then, as Brorsen’s Comet (1879) approached 
perihelion, its spectrum changed from that of cool carbon to that of 
hot carbon. 

In Wolls’s Comet, as already stated, there was, in all probability, the 
line speotmm of carbon. All the detailed spectroscopic observations 

« * Phil. TmnB.,' vol. 158, p. 556. 
t * Aitr. Nachr.,* No. 2S57. 
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of tkiB comet were made between May 20tb and June lltb, the 
perihelion passage occurring on June 10th. 

The comet gave indioations of a comparatively high temperature 
during all of this interval, so that the derivation of the lino from the 
fluted spectrum of carbon, or vice versd, cannot be traced. 

In addition to this evidence of the existence of carbon in comets, 
we have further evidence afforded by Dr, Huggins’s photoglyph of the 
spectrum of Comet III, 1881,* taken on June 24tb, the perihelion 
passage occarring on Juno 16th. Besides the dark line spectrum to 
which I have previously referred, the photograph shows three groups 
of apparent bright lines. Measurements of the two strongest lines in 
the most refrangible group gave, according to Dr. Huggins, 3883 and 
3870 as the wave-lengths. Dr. Huggins says (p. 2) : — “ The less re- 
frangible lino is much stronger, and a faint luminosity can be traced 
from it to a little beyond the second lino at 3870. Thei'O can be, 
therefore, no doubt that these lines repiysent the brighest end of the 
ultra-violet group which appears under certain conditions in the 
spectra of the compounds of carbon. Professors Liveing and Dewar 
have found for the strong line at the beginning of this group the 
wave-length 3882-7, and for the second line 3870‘5. 

** I am also able to see upon tho cotftinuous solar spectrum, a 
distinct impression of the group of lines between G and h which is 
usually associated with the group described above. My measures for 
the less* ref raiigiblc group give a wave-length of 4230, which agrees as 
well 08 can be expected with Professors Liveing and Dewar’s measures 
4220.” 

In addition to tho two gi-oups of bright lines above mentioned, a 
third and fainter group between h and II is shown by Dr. Huggins. 
On the lithograph which accompanies tho paper these lines are shown 
at approximate wave-lengths of 4^59, 4052, 4044, and 4038, but no 
origin is suggested for them. 

Messi's. Liveing and Dewar have attributed the two groups first 
mentioned to cyanogen ; but my own researches, which are still far 
from complete, have not convinced me tliat this view is correct. I 
may state, and here Messrs. Liveing and Dewar's observations agreo 
with my own, that the most charactex'istio cyanogen group is one 
beginning at abont 461 ; and since there is no trace of this in the 
photograph, it does not seem likely that the groups seen can be taken 
as proving the existence of cyanogen. 

In a paper which I communicated to the Aoyal Society in 1880t I 
described the two gpronps of lines, or rather flutings, which are 
Inferred to in Dr. Huggins’s paper, aud 1 also gave their wave-lengths. 
1 have since found that under certain conditions other compounds of 

* * Boy. Soo. Proo./ vol. 88 , p. 8. 
t * B07. Soo. Proo.,’ vol. 80, p. 461. 
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carbon gfive the Rcoond and last mombors of the ultra-violet group, 
at wave-lengthg 3873 and 3650, or linoB coincidon6 with them, when 
the other three are entirely absent. 1 have, however, foun^ no con- 
dition under which the first two membei'S of the group, at wave- 
lengths 3883 and 3870, are as much brighter than the remaining 
ones, as they ai^) shown in the lithograph which accompanies 
Dr. Huggins's paper. As shown in the lithograph, the distance 
between the two brightest members of the group is considerably greater 
than the distance between the iii'st two tnombors of the ultra-violet 
carbon group, and if this fairly represents the photograph, the sugges- 
tion is that we have to deal with the two lines at 3850 and 8873 to 
which I have referred. Under the conditions at which these are 
produced, however, 1 have never obtained at the same time the group 
in the bine beginning at 4*215, and we should therefore not cxi3eet to 
find them associated with each other in comets. It is also worth 
noting that nearly all the lines of this group approximate very closely 
to lines in the flame spectrum of iron. We know that blight iron 
lines do occur in comets, as, for instance, in (Jomet Wells and the 
Great Comet of 1882, and it is nearly certain that the four faint lines 
between h and H are flame lines of iron and manganese ; it is quite 
possible, therefore, that the blue-group is not due to carbon at all. 
The group of four faint lines is certainly not due to carbon under 
conditions which we are able to reproduce. 


VIL SeQUKNGU OF PhkNOMEXA in CoMKTAHY SrKOTBA. 

The first stage in the spectrum of a comet is, we have seen, that in 
which there is only the radiation of the magnesinm. The next is 
that in which Mg 500 is replaced wholly or partially by the spootrum 
of cool carbon. Mg 5201 is then added, and cool carbon is replaced 
by hot carbon. The radiation of manganese 558 and sometimes 
546, is then added. Absorption phenomena next appeal’s, 
manganese 558 and lead 546 being indicated by their masking effect 
upon the citron band of carbon. The absorption band of iron is also 
Bometiines present at this stage. At this stage also the group of 
carbon flutings which 1 have called carbon probably also makes its 
appearance. As the temperature increases still further, magnesium 
is represented by 5, and lines of iron appear. This takes place when 
the comet is at or near perihelion. At this stage the repellent action 
of the snn upon the comet is most effective, and if the vapours are 
driven off in the line of sight with sufficient velocity, the bright lines 
trill suffer displacement. A double set of phenomena would thus be 
presented ; there would be radiation lines of one wave-length from 


▼0th Ilv. 
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the Taponrs thus driven off, and absorption Hues of a different wave* 
lengtb from the vapours surrounding the stones in the head. 

As the comet recedes from perihelion, these changes take glace in 
inverse order. 

The map, fig. 12, represents the seqnenoe which the discussion has 
shown to be the most probable. 

The following is a list of the comets which most nearly approach 
the conditions represented, the numbers referring to those placed 
opposite the various horizons in the map : — 


13. Groat Comet, 1882 Copeland. 

12 . ,, „ ,, • ,p 

11. Comet 6, 1881 Huggins. 

10. „ I, 1882 Vogel. 

9. „ 1, 1868 Huggins. 

8. Coggia’s Comet, 1874 Vogel. 

7. Comet TIT, 1868 Huggins. 

6. „ III, 1881 Copeland. 

.5. Great Comet, 1882 „ 

4. Comet eZ, 1880 Christie. 

3. „ 111, 1881 Copeland. 

2. Winnecko’s Comet, 1868 . . . Wolf, 

1. Comet I, 1866 Huggins. 


This complete sequence has never been observed in any single 
comet, but it has been continued in some comets where it has been 
left off in others. Many comets have never been observed beyond 
the hot carbon stage, whilst others, like Wells’s Comet, have not been 
observed below that stage. Again, this sequence is what we should 
expect from laboratory observationB. The table ou p. 191 shows tho 
sequence of the different spectra in a few cases, and it will be seen 
that in each case, as far as the observations go, the different bands 
appear in the foregoing order. 

In the case of Enoke’s Comet, 1871 (p.p. December 28th), as the 
comet approached perihelion, hot 6arbon rotation was succeeded by 
the integrated radiations of hot carbon and manganese, and this Bgsin 
by the integration of hot oarbon radiation and manganese absorption 
as shown in fig. 13. 

The slight variations shown in the positions of the green hand 
(517) are assumed to be duo to errors of observations. As 1 have 
already explained, the apparent position of the bine band depends 
upon temperature, the point of maximum lumixuMiity varying between 
468 and 474. 

The case of Comet III, 1881 (fig. 14), is a little more complicated, 
but the general resnlt is the same, namely, that radiation phenomena 
succeed absorption as the comet recedes from perihelion. Twelve 
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Hot carbon radiation. 

Hot 0 radiation + 
Mn radiation. 

Hot C radiation + 
Mil absorption 


Fig. IS.—Eneke’s Comet (P.P., X)ic. 28tli, 1871). 


Comet III, 1881 (P.P., June 16th). 


July 27 
June 28 

Fig. 11.— Diagn^m ehowing the Spectrum of Comet 111, 1681, on June 28th and Jul> 27th, 
showing that absorption occurs nearer to perilielion than radiatiori. 

dajB after perihelion passage, the Hpeotrnm of the oomet cotisiHt jd of 
the integrated spectra of hot carbon radiation, and the absorption of 
cool carbon and manganese, as indicated by the masking of the 
second and dimming of the first maximum of the citron fluting (set* 
fig. 7). A montli later still, the absorption bands disappearod, and 
the spectrum of the comet consisted of the integration of hot carbon, 
manganese, and lead radiations. On both occasions the blue band 
had a maximum at 468. 

In the Groat Comet of 1882 we have a good example of the passage 
of the spectrum from that of manganese and hot carbon radiations 
to that of hot carbon alone as the comet cooled. The spectrum 
recorded by Copeland on October 22nd showed the first condition, 

Groat Comet of 1882 (P.P., Sept. 17th). 




Hot 0 + Mn + Pb 
(radiation). 

Hot C (nulu^ 4 Mil 
+ cool 0 (abirn,). 


Ko?.i-ig 

Oot.82 


I 
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Hot carbon ndn. 

I 

Hot 0 4 Mn ndn. 


Fig. 18.— D^ram iliowiag the Spectrum of t lie Clnat Comet of 1881 at diflereiit dates. 
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and the observaiiiDiis of Gothard between NoTember let and 
NoTember ISth showed the eeocmd (see fig. IS). 

This seqnenoe may not hare been apparent in gome oomets for two 
raasons. In the first place, a complication is introduced by the 
uneqnal displaoements of the bands at different times dne to motion 
iu the line of sight, which is rariablo, and is sometimes rexy great. 
Many, apparently, faulty obserrations are probably to be accounted 
for in this way. 

Again, different obseryors may not have recorded the spectrum of 
exactly the same part of the comet, though in general it may be 
asHumed that the brightest part will have been examined. There 
must be regions of different temperatures in the same comet, and^ 
from what I have shown in this paper, the spectra of different 
portions will vaary considerably. One part of the comet may give hot 
carbon, whilst another may give cool carbon radiation. The wave- 
lengths of the bands seen in the two cases would differ, and the results 
would apparently disagree. In fatuin observations, therefore, it is 
veiy important that the exact portion of the comet examined should 
be stated. 


Vin. Moss Detailed Discussion of cxbtain Comets, with Spkcud 
Befxrsxce to Approach and Recession from Pxbiueliom. 

Comet WelU, 

Comet Wells was first seen on the I7th of March, 1882, its peri- 
helion passage occurring on June 10th. During the earlier observa- 
tions, made by Vogel, Taochini, and others in April, its spectrum 
presented no feature of special interest, consisting merely of ** faint 
traces of the customary three bauds close to the weak, faint, con- 
tiuDouB spectrum of the nucleus.*'* At Gx*eenwioh, on May 20th, 
Maunder suspected “ a dark band near D on the blue side of that 
line,” due meet probably to the absorption of the second manganese 
fluting at 586, the first being masked by the citron carbon band. 

By May 22nd, when the speotrum was again observed by Vogel, the 
comet had much increased in brightness, and the oontinnons 
spectrum of the nnoleus had increased in intensity and extent, and 
was not different from the spectrum of a fixed star.” 

On May 2?tfa, however, Copeland and Lohae noticed a bright line, 
so faint as to require some attention to see it, iu the less refrangible 
end of the speotmm, which they identified with the D line by com- 
parison on the following day. At the same time they observed a 
bright part at wave-length 558, doe, there can be little douM^ to the 
first xnangamMe fluting at 558, A maxitniun at 508 may hate been 


* Hanelberg, * Aitr. Kschr.,* No. S441. 
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due to the low-temperatnro magnesium fluting at 500. On the S9th 
of May the speotram of the comet was again observed bj Cope- 
land and Lohse, and the identity of the bright line in the yellow 
with the D line placed beyond doubt. On the preceding day a Dun 
Echt circular had announced the discovery as follows : — ** The 
spectrum of the nucleus of Comet Wells deserves the closest attention, 
ns it shows a sharp bright line coincident with D, as well as strong 
traces of other bright lines, i^sembling in appearance those seen in 
7 CassiopeiiB and allied stars.** 

Dr. Huggins succeeded on the Slst of May in photographing the 
spectrum of this comet, and, as was to be expected, could detect no 
trace of the ultra-violet oarbon fluting which was seen in his photo- 
graph of Comet 6, 1881. I have already had occasion to refer to 
this photographed spectrum.* 

On iho same day the spectrum of this comet was observed by 
Maunder, Copeland, Vogel, and others. The most complete record 
is that made by Copeland and Lohse. They observed “ a bright part; 
lipe (?) ’* at wave-length 614*1, for which the reading on the follow- 
ing day gave 615‘7. There can be little doubt that this was a con- 
trast band due to the absorption of the low-temperature iron fluting 
at 615. At the same time there was a maximum brightness in the 
green at wave-length 501*7, caused most probably by the radiation 
of the magnesium fluting at 500^ in addition to the continuous 
spectrum. 

A bright part, a maximum*’ of which the wave-length recorded 
on May Slst was 543*6, and on the following day 546*8, was due 
in all probability to absorption by the lead fluting at 546, as 1 have 
already explained. It was on this night (May 3 1st) that Vogel ihat 
observed and identified the bright sodium line. When 1 examined 
the spectrum, on May 31st,” he writes, ” I was greatly surprised 1^ a 
line in the yellow of great intensity. Measurements and comparisons 
seemed to identify this line with the sodium line. Yesterday, June 
Ist, several measurements were mode by Dr. Muller, Kempf, and 
myself, which showed an agreement of the bright lino in the spectrum 
of the comet’s nucleus with the D lines ; considering the dispersion 
need this agreement must be called an absolute one. The continaons 
speotram extended from about 0 to deep in the violet. Besides the 
bright yellow line traces of bright bands were present, perhaps also 
some dark absorption-lines.”t Writing later, he describM the 
observatiouB of June 2nd thus ; ** The bright line was, not only in 
the spectrum of the nucleus, but also in the parts of the comet near 
to the nucleus, distinctly visible. Besides this, several more bright 
bonds could be seen, which stood out more distinctly when the slit of 

• * Boy. See. Proo.,* vol, 48, p. 180. 

t *Astr.Nschr.,*JEfe.8484. 
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the flpeotroBoopo was not dii*ected on the nncleuB itself, bat on parts 
of the comet close to it.” He fai*ther states that he observed a bright 
band fading towards the blue, to which reference has been made 
above, and for which he obtained the wave-length 613. This we have 
seen was probably a contrast band duo to the dark iron fluting at 615. 
From this date until the comet was lost to view no farther change of 
note took place in the spectrum of this comet. 

On June 2ad Yogel observed dark bands in the spectrum of Comet 
Wells,* but suggests that they might have been due to atmospheric 
absorption. He says : The dark absorption-bands, which are still 
visible in the comet’s spectrum, may probably have their origin in 
our atmosphere, the absorbent action of which, at the inconsiderable 
height of the comet above the horizon, is very powerful.” 

Again, Vogel status that dark absorption- bands were possibly 
present on July 1st, the perihelion passage occurring on the 10th of 
Juno. Vogors suggestion is very important, but siuco no wave- 
lengths were determined, it is not possible to say how far it is sup- 
ported by the facts. 

It might, pn first consideration, be expected that the changes in 
the spectrum of a comet as it approaches the sun must be perfectly 
continuous. The spectrum of Comet Wells, however, was a case in 
which the changes in the spectnim wore apparently discontinuous. 

On May 30th and Slst, as already stated, dark bands were observed 
by Mr. Maunder, f which wci*e in all probability due to manganese 
absorption. 

Between these two dates, «.c., on May 28th, Copeland observed a 
bright part at 558 which was clearly due to manganese radiation, 1 
have already shown that manganese radiation occurs farther from 
perihelion than manganese absorption. The Qreonwich observation 
of absorption on May 20th, whilst radiation occurs on May 28th, 
nearer to perihelion, is therefore apparently a discontinuity. 

£ showed in the Bakerlan Lecture that variable stars may bo 
explained by considering the meeting of two meteor-awarms and the 
consequent increase of temperature duo to the impacts. Comets, 
apparently, go through similar obanges and suddenly increase in 
brightness, as 1 show in anothei* part of the paper. Tho explana- 
tion is probably the same for comets as for stars, and Comet 
Wells affords a good example of the fact. It is most probable that on 
May 20th the comet met another meteor-swarm in its orbit, and an 
increase of temperature took place ; this meant manganese absorption, 
and this was what was observed. 

All the other ohanges in the speocrum were perfectly continuous as 

* *ABlr.lfsohr.,’ No. 2437. 
t * ishreenwioh ObBerrstions,* 1832, p. 34. 
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tbe comet approached the Bun, the perihelion passage occarring on 
Jane 10th. 

'The perihelion passage occun-ed under snch conditions that the 
spectrum of the comet conld not be satisfactorily observed on account 
of the interference of daylight. Detailed observations, however, 
were made when the comet was near perihelion and its temperature 
safficiently high to give bright lines. 

1 have already discussed the spectrum of this comet when the lines 
were best seen (May dlst), and tbe discussion shows that we had 
remnants of the fluting of magnesinm at 500, and of the blue carbon 
band at 468. The line of carbon at 426 was probably also visible, and 
the temperature was high enough for the appearance of iron. 

As the comet approached perihelion the conditions of observation 
became less favonrablo. Between Jnno 5th and June 11th, the 
perihelion past-age occurring on June 10th, nothing but the D lines 
were I'eoorded. After Juno 11th the comet was lost. 

The Great Comet of 1882. 

The spectrum of the Great Comet of 1882 w'as first observed on 
September 18, a day after perihelion, by Copeland.* 

The spectrum consisted of bi*ig]it and dark lines, among which was 
the bright yellow line of sodium, several bright lines in the green, K, 
and some pi^omiiient iron lines and five well-defined bright lines on 
the I’ed side of D. These have already been referred to. In addition 
there wora two dark lines on the redward side of 558 and 560, which 
were most likely the edges of the first two maxima of the manganese 
absorption fluting at 558. No more observations could be made at 
Dan Eoht until September 29, and in the interval most of the bright 
lines in the spectrum had disappeared, whilst the carl)Ou bands had 
made their appearance. The D lines wei« still bright, but E and the 
other linos had vanished. There was, however, something which is 
described as ‘‘ almost a line” at 610*3 ; this, no doubt, wns the iron 
fluting at 615. 

The next observations of the comet were made by Vogel,! on the 
1st, 6th, 6th, and 7th October. On each of these occasions D was 
still visible as a bright double line, in addition to tbe ordinary cometaiy 
flutings. 

When the next observation was made on October 16th, by Hassel- 
berg,$ D had disappeared. On the 22nd and 23rd October, Copeland 
agom observed the spectrum, and it then consisted of the three ordi* 
nary cometar}*- bands ; the citron band had a maximum at about 
wave-length 557. Here Mn radiation had evidently commenced. 

• ‘ Coptrnicus,' vol. 2, p. 287. 
t <Astr.Nsohr.,’No.2400. 

^ X * Astr. Nachr.,* No. 2478. 
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The later obserrations of Gothard* and Konkolj^t showed nothing 
but the three ordinary banda. 

No observations were made aiter the comet had got snffioiently 
cool to show either the cool carbon dutings or the magnesium fluting 
at 500. 

Although the obHervations are not perfectly continnous, there is 
conclusive evidence that the reduction in temperature of the comet 
consequent on its departure from the neighbourhood of the sun was 
accompanied by the following changes in its spectrum 

18th September. Bright and dark iron lines and manganese 
datings. 

29ih September. Bright dutings of iron. 

22nd October. Bright manganese. 

1st November. Hot carbon radiation. 

The two latter stages have already been specially referred to (p. 193), 

No doubt if further observations had been possible the dutings of 
hot carbon would have been replaced by cool carbon dutings, and these 
again by magnesium 500. 


Coggia*$ Comet 

The perihelion passage of this comet occurred on July 8th, 1874, 
and the available observations of its spectrum date from May 18th to 
July 14th. On May 18th, Vogel} observed three bunds, one of which 
was at wave-length 515. This was probably the hot carbon duting at 
517, but as the wave-lengths of the other bands are not given, it is 
not possible to come to a definite conclusion. 

On the 18th May Vogel again recorded the three bands, the prin- 
cipal one commencing at 516*5, and having a second maximum at 512. 
It is probable that these wore the first two maxima of the green carbon 
band, the wave-lengths of which are about 517 and 513. 

On June 4th, the date of Vogel’s next observation, the three bauds 
were still visible. The wave-lengths are given as 562, 514, and 473. 

On June 7th, Vogel’s observation recording three bands at 557, 518, 
and 473, give evidence of manganese absorption, as indicate^ by the 
apparent displacement of the citron carbon tend in the maniherl have 
already explained. 

On June 13tb, 14th, and 15tb, in addition to the absorption of man- 
ganese, there was probably the absorption of cool carbon, as indicated 
by the masking of the 2nd maximum of the citron carbon band, as I 
have already explained. 

D’ Arrest’s observationsf on June 15th, 16th, and 17th, show that 

• * Aitr. Nsehr.,* No. 2472 and 2716. 
f *Attr.NMhr.;Ko.2475. 
t ' Artr. Viohs.,' No. 2018. 
i <Artr.KMhrVNo.2001. 
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the manganese absorption was increasing, whilst the carbon waa 
probabl 7 beginning to fade ont. 

The later observations of Vogel, on Juno 22nd, and of Christie,* 
between July 3rd and 14th, are incomplete, inasmnoh as the positions 
of all the bands were not determined. Vogel gives the position of the 
green band as 515, bnt simply states the presence of the citron and 
blue band. Chnstie states that two of tho bands were sensibly ooinoi- 
dent with tho two principal bands in the specimm of carbon dioxide 
(probably carbon 517 and 474), bat the position of the third band 
was not determined. It is scarcely possible, theirefore, to say how far 
the indications of manganese absorption have increased between 
Jane 22nd and July 14fch. Christie states, however, that there was 
line absorption on Jnly 14th, six days after perihelion. 1 have stated 
in another part of the paper that the highest temperature effects do 
not occur until tho comet is some distance beyond perihelion, and this 
is a case in point. 

As Coggia's Comet approached perihelion, therefore, after having 
first become visible, the first recorded change in its spectrum was the 
addition of manganese absorption to carbon radiation, bat the dis* 
onssion of other cometory spectra shows that there was probably an 
intermediate stage between June 4th and June 7th, when instep of 
manganese absorption, manganese radiation was added. A little later 
cool carbon absorption was added. Finally, just after perihelion, 
fluting was replaced by line absorption. 

In observations in my own observatory with my 6^-inob refractor, 
I obtained indications that the blue rays were singularly deficient in 
the continuous spectrum of the nucleus of the comet ; and in a com- 
munication to * Nature 'f I suggested that this fact would appear to 
indicate a low temperature. 

This conclusion was strengthened by observations which 1 made at 
Newcastle with Mr. Newairs telescope. The colour, both of the 
nucleus and of the head of the comet, as observed in the telescope, was> 
of a distinct orange yellow, and this, of coarse, lends confirmation to> 
the view expressed above. While ten minutes* exposure of a photo- 
graphic plate gave no images of the comet, the faintest of seven stars 
in the Great Bear gave an impression in two minutes. 

The fan also gave a continuoas spectrum but little inferior in 
brillianoy to that of the nucleus itself ; while over these, and even the 
dark space behind the nucleus, was to be seen the spectrum of bands^ 
which indicates the presence of a rare vapour of some kind, while the 
continuous spectrum of the nuoieus and fan, less precise in its indi- 
cations, may be referred either to the presence of denser vapeur^or 
solid particles. 

* ' Qmnirioh ObNrrstkns,' 1S75, p. 121. 
t 'Nstara,* vd. 10, p. IBO, 1874. 
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1 found that the mixture oE continaouB band speotrum in difEerent 
parts was very unequal, and, further, that the apparently continuous 
Kpectrum changed its character and position of maximum. Over some 
regions it was limited almost to the region between the less refrangible 
bands. 

I wrote at the time : — 

It is more than possible, 1 think, that the comotary spectrum, 
therefore, is not so simple as it has been supposed to be, and that the 
evidenoe in favour of mixed vapours is not to bo neglected.” 

Cornet in, 1881. 

The perihelion passage of this comet occurred on June 16th. 1 

have already remarked that Copeland* observed on Jnne 25tb a dark 
band at 567 in this Comet, in addition to the hot carlion radia* 
tion. This band was probably due to lead at 568, the first band at 
546 being masked by the hot carbon. Manganese absorption was also 
indicated on the same date. On June 25th the spectrum of this comet 
was photographed by Huggins, and the carbon B- group of flutings 
was stated to have been seen, giving indications of a relatively high 
temperature. As the comet receded from the sun other phenomena 
were observed. On Juno 27 magnesium at 520 was detected by 
Hasselberg ; manganese absorption was again indicated in Oopeland^s 
observations on June 28, and manganese radiation ou June 29 and 
July 27. I have already liod occasion to refer to these two oonditions 
(p. 193). 

Ko obseiwatious were made on the comet after July 27, or the hot 
and cool carbon fiutings would doubtless have been recorded alone. 
Carbon radiation is indicated in all the observations that were made 
from J une 25 to J uly 27. 

It should also bo noted that hydrocarbon at 431 was observed on 
June 28tb, by Copeland; but neithei* before nor after this date was 
hydrocarbon recorded. The reason probably is that the band is too 
far in the violet to be very manifest. Copeland recorded it as “a 
bright line, common to spirit-lamp and comet,” and hence there can 
be DO mistake as to its identity. 

Droreen'i OomeL 

The observations of this comet at its appearance in 1868, made by 
Seochit between the 2drd and 27th of April, 1868, and by Hoggins} 
between April 29th and 13th May, 1868, perihelion passage ooourring 
on April 20, 1868, differ vety considerably. 

Secohi obwrved Antinga at 473, 512, and 553. The first of these 

* * Copernious,* vol. % p. 225, 
t * Gomptm roL 06, p. 862. 

J * Hoy. 8oo. Proc./ toI. 16, p. 886. ^ 
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agrees ^most exactly with the blao band of hot carbon, and if the 
two other bands be shifted by equal amoniits, so that the first one 
coincides with hot cai*bon 517, and the second consequently with 
manganese 558, we have indications of manganese added to carbon 
radiation; the doscriptiou of the band, however, is insafficiont 
enable us to say whether the manganese was radiating or absorbing. 

Huggins gives flntings at positions which, when reduced, give 464, 
508, and 544, as the wave-lengths. The wave-lengths of the two less 
refrangible ones are appai‘ently shortened, as if they were shifted 
towards the blue. It is probable, how(3ver, that manganese was indi- 
cated by the observations of Huggins, for if we shift the band at 
508 to 517, the 544 band becomes 553, which is not far removed from 
the manganese fluting. The drawing given Huggins shows this as 
a somewhat narrow band, fading away in both directions, which 
would seem to show that there was manganese radiation added to 
carbon radiation, as 1 have previously explained. This being so, 
since Huggins’s observations were made when the comet was further 
from perihelion than at the time of 8ecchi’s observations, the dis- 
cussion of the sequence of chaTiges in other cometary spectra suggests 
that in Secchi’s observations we had to deal with the absorption of 
manganese. 

In a note on the spoctrnm of Brorseu’s Comet at the next return 
(1879), Professor Young* refers to Huggins’s observation. He states 
that “ the only special interest in this (Professor Young’s) observa- 
tion lies in the fact that in 1868 Mr. Huggins obtained a somewhat 
different result for the same comet.” He further goes on to say : 1 

am entirely at a loss to explain Mr. Huggins's result. It can hardly 
be that the comet has really changed its spectrum in the meanwhile, 
and a careful reading of his account (*Boy. Soc. Proo.,’ vol. 16, 
p. 388) gives no light as to how an error could have crept into his 
work ; on the other hand, every pi'ecaution would seem to have been 
taken. However tbis may be, I am quite positive as to tho adcuracy 
of my present result — that the middle band of the spectrum of this 
comet now coincides sensibly (to a one-prism spectroscope) with tlie 
green band in the hydrocarbon spectrum.” 

1 liave now shown that the spectrum of a comet is by no means a 
constant, but depends upon the distance of tho comet from perihelion 
passage. The spectrum is, therefore, not necessarily the same at two 
diflTereut returns, as Professor Young supposes, although it may be 
the same at equal distances from perihelion. 

It is impossible, however, to explain Huggins’s observation of 
Brorsen’s Comet without assuming a shift, which is probably instru- 
mental. In the face of this difficulty, I venture to suggest the above 
as the probable explanation of the spectrum of this comet. 

y ' Amer. Joum.,* vol. 17, May, 1878. 
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There are no farther observations which might enable oa to farther 
txaoe the seqaenoe of speotinMoopioal phenomena in the comet at this 
Fetnrn. 

At the next return, however (perihelion passage March 30, 1879), 
several observations were made on different dates. Low temperatnre 
carbon bands were recorded on 2-5th March, 1879.* Bredichinf made 
a series of observations, extending from 26th March to 2nd April, 
bat only gives one set of wave-lengths, as if no change had occurred 
in the speciram of the comet daring the interval. The observations, 
however, seem to indicate hot coz'bon with manganese absorption. 

An observation was made two days after perihelion by Young, { 
wbo observed bands near 476 and 5G0, and measured one at 512. 
These are probably hot carbon bands with manganese absorption ; in 
the case of the green baud at 512, the drst maximum of the fluting 
at 517 was probably masked in the way 1 have already explained, so that 
the second maximum at 513 was the brighter. On April 17, the Astro- 
nomer Eoyal§ observed cool carbon bauds in the comet’s spoctram. 

Messrs. Copeland and Lohsell observed the comet from April 16 to 
May 2, and give 547*0, 515*6, 469*6 as the wavo-leugths of three 
bands* Of the band at 547*6 they say, it was very ill deGned on 
both sides, and being without any definite brighter part, its wave- 
length is very uncertain.” The measurements made on April 16 are 
not given separately, nor is it definitely stated that any measurements 
were made on that day. The apparent discrepancy of hot carbon 
being seen when the comet was further from perihelion than when 
cool cai'bou was seen, is most probably another case of a comet tem- 
porarily passing through a moteorio swarm, and thereby increasing 
in temperature, as was the case with Comet Wells, 1882, on May 20th, 

Wtnnecke’s Comet in 1877. 

Winnecke’s Comet, 1877, was observed by Lord Lindsay^ on 
April 18th, a day after perihelion. Its spectrum prasented much the 
same characteristics as in 1868. Bands at 472*2, 516, and another 
near 556 were observed. The strongest was at 510 and the band at 
550 is given as very weak. 

We, no doubt, have here another case of manganese absorption 
occurring in conjanction with hot carbon radiation, when a comet is 
near perihelion. On May 5th, the spectrum of the comet gave every 
indication of hot carbon in conjunction with manganese radiation, the 

« 0. Eonkoly, * Astr. Kochr.,' Eo. 9269. 
t ' Afttr, Noohr./ Ko. 2257. 

X * Amer. Joum.,* vol. 17. 

} * Monthly Notices,’ vol. 89, p. 429. 

II < Monthly Notices,’ vol. 59, p. 430. 
f ‘ Monthly Notices,’ voL 37, p. 430. 
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band g^ven at wave-length 568 being evidently dae to the radiation 
of the latter element, since the band fades away in both directions. 

Another baud was measured at 467*9, and is most probably the 
carbon band at 474 which under certain conditions has it maximum 
at 468 instead of 474. 

On May 6th the comet was again observed. A very faint line was 
seen at 569 and another at 543. These were probably due to the lead 
flutings at wave-lengths 568 and 546. 

The apparent absence of lead in the spectrum observed on May 5th 
may probably be due to the incompleteness of the observations on 
that date in comparison with those made on May 6th. Or it may be 
that the greater brightness of the continuous spectruru masked the 
two faint remnants of the lead fluting. 

Other bands were observed on May 6th, the hot carbon and the 
manganese radiation at 558 being clearly indicated. 

An observation was made on May 15th at Greenwich* and it is 
interesting to note the change that had taken place. A band at 517 
was measured, and two others observed, one al^ut 483 and another 
about 561. Here, clearly, we have indications uf cool carbon radia- 
tion occurring as the comet recoded from the sun, the observations 
having been made nearly a month after perihelion. 

As the comet receded from the sun, then, manganeso absorption 
was succeeded by manganese radiation, hot carbon being indicated in 
both cases. No farther observations were made until nine days after 
the latter condition was observed, and then the spectrum was that of 
cool carbon. Doubtless there was an intermediate stage in which 
hot carbon was observed alone. 

IX. Possible Causes of Collisions in Comets. 

Internal Work. 

Professor Tait’s view as to the origin of collisions in a metoor-sw^rm 
entering our system as a comet was that they were a consequence of 
the movement of the individual meteorites along approximately 
elliptic orbits, described in something like equal periods in any plane 
about tboir common centre of inertia. 

The group was also supposed to be subjeoted to a sort of tidal dis- 
torbanoe by the sun.f 

It is certain that one of the principal causes oF the increase of 
temperature of a comet during its approach to perihelion is the 
increased number of collisions due to the greater tidal action which 
takes place. Hence the larger the swarm, the greater the difference 
between the attractions of the son upon opposite sides of it, and there- 
fore the greater the disturbance set up. Also, the shorter the 
• * Oreenwloh Obsorvations,’ 1877. 
f * B6inb. Boy. Soc. Proo./ toI. 10, p 367, 1879. 
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perihelion distance, the* greater fraction of it is tho diameter of tha 
swarm, and the greater therefore the differential attraction. 

The initial moTements of the individual members of the swam, 
and these superadded by tidal action, may be defined as producing 
internal work. 

If all tho heat of a comet is produced by such internal work, it is 
clear that the temperature of the comet will depend (1) upon the 
velocity of orbital motion of the particles, (2) upon the size of the 
swarm of which it is composed, and (3) upon its perihelion distance. 
It will practically be independent of the velocity of tho comet in its 
orbit round the sun. 

While some comets at perihelion give such high temperature 
phenomena as were observed in Comet III, 1881, Wells’s Comet, and 
the Great Comet of 1882, others, hke Winnecke’s Comet, 1668, give 
only the spectrum of carbon. 

These differences are what we should expect fi*om the known peri- 
helion distancGH, and it must be understood that the four stages into 
which tho different degi^es of activity in a comet have been divided 
in this paper are those which occur in a comet with a short perihelion 
distance, In comets with a long one, perihelion effects may only be 
equivalent to mean distance effects in comets with short perihelion 
distances. 

I have prepared the following list of the perihelion distances of the 
comets which have been discussed, the distances being given in 
terms of the astronomical unit, derived from the data given in the 
* Annuaire du Bureau dos Longitudes.’ 

In the various tables which precede, for each comet the date of 
observation, perihelion passage, and perihelion distance are stated. 


Nomo of comet. 

Perihelion 

puwsge. 

P. 

distancie. 

Beference. 

Comet 1, 18U4 . . . 

Aug. IS, 1864 

0*90929 

‘Annuaire Bureau dei Long./ 
1886, p. 199 

1874, p. 100 

Brorsen 

April 20,1868 
Much SO, 1870 
Jun. 20, 1868 

0-696762 

>» 

0-689802 

1883, p. 240 

Winneoke . . . 

0-781588 

1874, p. 100 

Comet I, 1871.. 

„ 10, 1871 

0*6643 

1883, p. 210 

Tuttle's 

Mov. 30, 1871 

1*03011 

1883, p. 240 

Kncke 

Dm. 28, 1871 

0*832876 

1874, p. 100 

Comet IV, 1878.. 

Sept. 10, 1873 

0*7940 

1888, p. 218 

Coggia’s, 1874 . . . 

July 8, 1874 

0*6767 

1884, p. 262 

Comet 1, 1874 . . . 

Aug. 27.1874 

0*8826 

1888, p. 221 

Comet 1, 1877 . . . 
Winneoke, 1877.. 

3ma. 19, 1877 

0*8074 

• 1883, p. 222 

April 17,1877 
Oot. 4^1879 

0*9499 

1883, n. 228 

Comet d, 1878 . . . 

0*9696 

1883, p. 227 

Comet in, 1881.. 

June 16,1881 

0*7846 

1884, p. 262 

Comet Welle .... 

„ 10, 1882 

0*00076 

1684, p. 268 

1884, p. 262 

Gt. Comet, lb82.. 

Sept. 17,1882 

0*007768 
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External Work. 

If external work is done on a comet by meteorites in spacoi that 
is to say, if there are oolliBions with external bodies, the velocity of 
the comet must be couHidered in the hi-st place, and the equal or 
unequal distribution of the maBses which it encounters can be tested 
by the phenomena observed. 

The discussion of the recorded observations shows, indeed, that in 
addition to the constantly increasing action which takes place in a 
comet daring its appmach to perihelion passage, there are at times 
temporary increases in temperature. 

We know that meteorites are scattered through space, and hero 
and there are gathered into swarms. It is only to be expected, there- 
foi’e, that at tiines a comet will meet with such swarms just as our 
own planet does, and in that case its temperature would be increased 
by the collisions which would occur. The increase of tcmperatui*e 
would depend upon (1 ) the dimensions and density of the swarm ; 
and (2) upon its velocity. The larger and denser tbe swarm the more 
collisions would be likely to occur, and the greater the velocity of Uie 
comet the greater the amount of kinetic energy available for transfor- 
mation into heat energy. 

If the density of the meteoritic plenum increases towards the sun, 
the external work done will increase with it. 

Collisions between Comeiary and other Swamis, 

We have then not only to consider the increased activity in a comet 
due to its approach to perihelion, but we have also to take into 
account the possibility of its passing through other swarms of 
meteorites during its revolution. That such collisions do take place 
there can be little doubt. Sawerthars Comet, which increased 

iu brightness by three magnitudes in two days, is a cose in point.* 
Unfortunately, no spectroscopic observations were made, or no donbt 
the effects of the increased temperature upon the spectrum would 
have been apparent. 

The speotrosGopio observations of Comet Wells seem to show that 
this comet also passed through at least one swarm during its revolu- 
tion. An observation at Greenwich, on May 20th, recorded dark 
absorption lines, which 1 have shown to be especial to high tempera- 
tures in comets. Between that date and perihelion passage (June 
10th) there were evidences of a lower tempemtare, as 1 show in 
another part of the paper. I am not aware of any observations 
recording an increase in brilliancy of the comet on May 20th, but if 
they do exist, they will obviously strengthen this view. 

Perhaps the case of greatest importance, however, is the Great 

* * Nature,* vol. 89, p. 288. 
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Comet of 1882. At perihelion, this comet vas only 300,000 miles 
ft om the photopphero of the rm, and it was practically as bright as 
tlie sun itself. Mr. Finlay, at the Cape, followed the comet until it 
apparently rushed into the sun. That a comet should ho able to pass 
within so short a distance of the sun without salTering entire dis- 
ruption has been used as an argument against the existence of an 
extended solar corona. My own view of the case, however, is that 
the evidence afforded by this comet of the existence of a metcoritio 
solar atmosphere is most conclusive. 

That it would be impossible for a comet to pass through a gaseous 
atmosphere is proved by our terrestrial exporion(»o with falling st trs, 
but if the regions far above the sun’s photosphero arc constituti'd as 
I have suggested,* wc should expect a tran seen dental clashing effect, 
but no change in the orbits of tho meteorites which were not 
engaged. 

I would submit, therefore, that tho immediate cause of ‘ the 
enormous increase in hrillianoy of the comet, which enabled it to bo 
obtained close to the sun’s disk, was undoubtedly the collisions which 
tof)k place between the meteorites constituting the comet, and thoKO 
which occupy the enter cooler regions of the snn. Not only does 
this event demonatrato the existence of an outer solar atmosphere, 
therefore, but it also points to its meteoric nature, tho meteo- 
rites there bring probably formed by the condensation of metiillio 
and other vapours, exactly in the same way as wo have snow and 
raindrops in our own atmosphere. Observations by Messrs. Finlay 
and Elkins before and after perihelion showed that the comet was 
not perceptibly retarded by its adventure, which is quite consistent 
with my view, collisions between individual meteorites would not 
retard the motion of the comet >ifi a whole. 

Another case of considerable interest is the Pons-Brooks Comet, 
1883 — 1884. At its last return this comet was first observed by 
Mr. Brooks on September 1, 18813; it passed perihelion on January 
25th, and was last seen on June 2nd, 1884. It was distinguished by 
its sadden fi actuations in brilliancy, which no doubt were caused by 
its intersection with other swarms. On September 2l8t, it was 
observed by Mr, Chandler, at Harvard, t as a faint nebulosity with a 
slight condensation. On the 22nd, it was repiesented by an apparent 
star of the eighth magnitude, according to the observations of 
Schiaparelli, :( tho luminosity having been augmented eight times 
within a few hours. 

In a short lime, the comet again appeared as a nebulous disk. This 
sudden change has an exact parallel in “ new stars,” aud the cause is 

• * Boy, Soo. Proo./ vol. 40, p. 857. 
t 'Jutr. Naohr.,' No. 2558. 
t *Aatr.Nk«hr.,*No. 2568. 



1889 *] of the mrioue Speciee of Ileavetily Bodiee, 307 

no doubt tbe same in both oasos. The rapidity with which the 
comet cooled detnonetrates that only smatl maftRes could be in 
question. This took place whilst the comet was no less than 
200 million miles from the sun. 

On October 15th there was a similar occurrence in the same comet, 
and again, a more decided one on January Ist. In tbe latter case, in 
less than four )i<mrs,* the comet had become an apparent star, and 
again assumed the rometary form. 

In those cases, then, wo have evidence that the luminosity of the 
comets depends first upon its distance from the sun, and secondly upon 
distribution of other swarms along its path. 

It would appear that a farther discussion from this point of view 
might afford us interesting infoi^mation on several points. 

X. On somk Effbcts of Collisions in Comkts. 

If we ass am e that the inci>eased brightness of comets as the sun is 
appi*oached depends to any extent on collisions with meteorites 
external to the swarm, wo must conclude tl)at such meteoriti^s exist 
nearer together nearer the sun. The idea soonis strengthened by tho 
gi^eat and irregular variations of intensity somc^times observed, as we 
know that the meteorites which tho comet is liable to meet are 
not equally distributed. Such a variation was noticed in Sawerthars 
Comet in 1888, as 1 have already stated. 

Snob variations, however, would be more likely to be observed in 
tbe tails in consequence of the enormous dimensions of some of them. 
Such variations liave been observed from the time of Kepler. 

The fact that these variations so strongly resemble at times auroral 
displays is an additional argument in favour of the meteoric origin of 
the latter. 

Another result of a different order produced by a comet moving 
through a meteoric plenum would bo the gradual shortening of a 
comet’s periodic time as the result of collisions, and this shortening 
should not he absolutely regular, as in a homogeneous gas, for the 
reason that the meteorites are not equally distributed. 

That there is such a shortening was proved by Enoke for the comet 
which bears his name, and that there are irregularities the following 
table will show, though how far they might have been due to pertnr* 
bationa has not, I believe, been so far studied : — 


p 2 


* Dr. MiUler, * Astr. Kaohr.,' Vo. 2&68. 
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Returns of Encko's Cometi showing Rednoed Period of Revolution. 



Obeerred period 
of revolution. 

Bifferenee. 

From 1786 to 1796, three timet 

1705 „ 18(»6 

daye. hr». mint. 
1212 16 7 

1212 12 0 

hit. mint. 

3 7 

11 81 

„ 1H06 „ ]»10. four „ 

1819 „ 1822 

„ 1822 „ 1826 

„ 1825 „ 182S« 

„ 1829 „ 1832 

„ 1832 „ 1885 

1212 0 29 

1211 15 60 

1211 13 12 

1211 10 84 

12U 7 41 

3211 6 17 

4 39 

2 38 

2 38 

2 63 

2 24 

2 39 

3 7 

2 24 

2 38 

1 27 

6 45 

21 86 

1836 „ 1838 

„ 1838 „ 1842 

1M2 1815 

„ 1H45 „ 1818 

„ 1818 „ 1852 

1852 1865 

„ 1865 1858 

1211 2 88 

1210 23 81 

1210 21 7 

1 1210 18 29 

1 1210 17 2 

j 1210 11 17 

1210 13 41 


There is sllll another point. If the laminosity were due entirely 
to intomiil oollisions brought about by the increase of solar action, 
then large comets, or those best visible, should begin to be brilliant 
long before smaller or more distant oues. But this does not seem to 
bo so. Mr. Hind has pointed out that proximity to the earth is not 
so imporiant a condition for visibility of a comet in the daytime as 
close approach to the suu* ; and M. Faye is the authority for the 
statement that no comet has been seen boyond the orbit of 
Jupiter.t “ It is assuredly not on account of their smallness 
that tboy thus escape our notice in regions where the most distant 
planets, Saturn, Uranus, and Neptune, shine so clearly with the 
light which they borrow from the sun ; this is because the rare and 
nebulons matter of comets reflects much less light than the solid and 
compact surfaces of the planets of which wo speak, much less even 
than the smallest cloud of our atmosphere.” 

On the latter part of this quotation it may be remarked that it is 
not uecoBsary to assume that comota at a great distance fVom 
the sun, any more than nobulm, are visible by means of reflected 
light. 

Olbers, Faye, and others have attributed the production of comets' 
tails to solar repulsion. Away from the sun, as we have seen, comets 
are tailless. 

The tail of a comet usually grows with its approach to the sun. 
This is not merely an apparent increase due to diminished distance, 

* ' Nature,* toI. 10, p. 286. 
t ' Nature/ rol. 10, p. 228. « 
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bat is a steady growth outwards. The tail of a comet is always 
directed away from the san, so that it sweeps round in a semicirolo 
as the oomet passes through perihelion. The apparent repulsion of 
the tails suggested to Gibers in 1812 the idea that the materials com- 
posing them are subject to electrical repulsion pi*ocooding from the 
sun, that they consist, in fact, of small electrihod particles repelled by 
the similarly electritied sun. 

As a rule, tho tail increases very quickly and considerably in 
length after perihelion passage. Thus Borelly’s Comet of 1H74 in- 
creased from 4* to in length from July 3rd to July lOth in that 
year, or from 4 millions to 25 millions of miles in length.* This effect 
is precisely what we should expect if tho tail be fed by vapours due 
to collisions, for at perihelion the tidal action, and therefore the 
interior movements, will be greatest ; besides which it is proliablo 
that collisions with meteorites external to the swarm will here be 
more frequent and more heat-producing on account of the highest 
velocity of the comet. 

M. Bredichin, of the Moscow Observatory, has shown that there are 
three distinct types of tails. In the 6rst class, tho tails are long and 
straight, and tho repellent energy of tho sun upon the small particles 
is about twelve times as great as the energy of his gravitational 
attraction. The particles therefore leave the nucleus with a high 
velocity, generally about 14,000 or 15,000 feet per second. Tho 
greater this velocity in relation to the rate of travel of the oomet, the 
straighter of coarse will be the tail, because the particles forming it 
do not lag behind. In the second type, the energies of the attraction 
and repulsion balance each other, or nearly so, and the tails of this 
class are plumy and gently curved. In this case the particles which 
go to form the tail leave the head with a velocity of about 3000 feet 
per second. 

Tails of the third type are short and strongly bent, the repellent 
energy being only about one-Hfth of the attractive energy of the aun, 
and the velocity of the particles leaving the bead is only about lOOO 
feet per second. 

Many comets exhibit tails of more than one type, and it was con'* 
jectnred long ago that such tails wore coin posed of different kinds of 
matter. 

Bredichin went further, and defined the composition of the different 
kinds of tails which he had classified, by referring to the weights of 
the materiala which would give the relative values of the repnlsive 
and attractive forces necessary for tails of the different types. He 
thus found that the long straight tails of the first type would h^ 
probably formed by hydrogen, since this substauce, on account of Its 
exceeding lightness, would be little inflnenced by gravity, while at 
* Hind, * Hsture,' vol. ICt, p. 252. 
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the Bame titno stronglj influonoed by the eleoirioal repulBion. 
The second typo of tails he considered to be made of hydro- 
carbons, since hydrocarbons have a specific weight such that the 
repellent and attractive forces of the snn upon their particles may be 
nearly equal. Iron, on tho other hand, would be more snbjcct to the 
action of gravity, on account of its greater weight, and was thei'efore 
taken as adapted to tails of tho third t^pe. 

The observations on meteorites recorded in the Bakerian Lecture, 
and tho discussion of cometary observation contained in this Appendix, 
show that the vapours which are given out by tho meteorites as the 
sun is approached, are in an approximate order : — 

Slight hydrogen. 

Slight carbon compounds. 

Magnesium. 

Sodium. 

Manganese. 

Lead. 

Iron. 

Now of those the hydrogen and carbon compounds are alone per- 
manent gases, and the idea is that they have been occluded as such 
by the meteorites. They are given out as the temperatui'e of the 
meteorite again increases. 

Tails extending 10,000,000 miles through the cold of space, cannot, 
ns Brodiebin supposes, I suggest, be composed of iron vapour, bat 
they may well be, and doubtless are, of the hydrogen and various 
carbon compounds. 

The magnesium and iron vapours will condense soon after theii* 
repulse from tho meteorite, tho volatilisation of which produced them, 
and here, as Beichcnbach with marvellous prescieiico suggested in 
pre-speotrosoopic times, we have the chondroi of the exact chemical 
nature which he postulated. 

There is nothing extravagant in these suppositions, for wo now 
know that all the substauces in question do exist in comets, and 
it is evident that much is to be learnt from a continuation of the 
inquiry. 

We know that the short-period comets get less brilliant with every 
approach to perihelion, and that some do not even thi^ow out a tail, 
and we con easily ascribe both these results to tho fact that after 
several such appulses the vapour.^ liable to be driven out of the 
meteorites by temperature get leas and less. 

If this be so, we may regard the oomet with many tails as one 
which for the first time undergoes perihelion conditions. We are in 
presence of the " unperihelioned mhtter*' glimpsed by Sir William 
Uersohel. 
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Further, it is important to associate the spectra of the envelopes 
and nucleus with the multiplioitj of tails. 

Let US suppose a comet's tail thus chemically constituted; the 
mulecttles will be moving rapidly under the induence of the solar 
repulsion away from the meteorites which produce them, through a 
meteoriHc plenum. Hence wo should expect auroral phenomena. 
These have been recorded in comets' tails since the time of Kepler, 
in the tail we have gases moving througli meteoritic dust, in the 
aurora, as 1 shall show in the next part of this memoir, wo have m all 
probability meteoritio dust moving through gases. 

What then becomes of the tails ? 

Being thus formed at the expense of the materials composing the 
head, the materials removed fmm the head can never be returned to 
it because of its insufficient gravitational power over them, and more* 
over they can no longer traverse the same orbits as the meteorites 
from which they sprung, because they have already been turned out 
of that course by the forces attending the development of the tail. 
The gaseous bodies thus become distributed throughout tlie space 
occupied by our system, and give no farther trace of their existence 
until, after subsequent occlusion which causes their disappearance, 
they are again mode evident by future collisious. The existence of 
^'unperihelionod matter" then indicates that the regions of spac^o 
nearer the sun are not so full of tliese tree gaseous products as those 
further away. 

Comets must thus degenerate, so far at all events as their easily 
volatilised constituents are concerned, with each porihe) ion passage, 
but as the majority of them only approach the snn at long intervaih 
of lime they do not suffer much in this way, Some of the short* 
period comets got less and less brilliant at each successive ponheliuii 
passage, and others are then observed entirely without tails, all the 
available toil-forming material having been used up and dispersed 
into the regions of space farther away from the sun, while at aphehpn 
a fresh supply has boon locking. 

It has been conjectured by Weiss and Schiaparelli that the cun* 
donsed metallic materials of the tails, which are projected with the 
tails in the cases of the comets whoso perihelia lie within the earth's 
orbit, may give rise to the appearance of meteors. 

This may also happen in the case of condensable materials shot in 
the first instance towards the sun, so that we may imagine the original 
train of meteoriteB to gradually widen out in the plane of the orbit 
inside and outside of the orbit of the main swarm.* 

It has been suggested that the luminosity of comets is possibly , 
partly electrical, and in support of this view Hasseiberg showed that 
the chang-es in Wells’s Comet were closely related to changes which 
* llmchcl, ' Montlily Notions,’ vol. 8(, p. 868. 
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took place in an electrioaUj illnminated Taonnm tfabe^ containing 
hydrocarbon and eodintn. 

Before referring to thie, bowerer, I may mention an early experi- 
ment of my own in connexion with this point. 

1 described thia experiment in the * k^nchester Science Lectures/ 
1877 (p. 130), but it was made some years before. 

A mixture of meteorites taken at random was placed in a tnbe 
attached to another tnbe with arrangements for passing electric 
sparks, and this again was connected with a Sprengel pump. After 
exhanstion, on passing the current nnder conditions which are 
generally supposed to give a spark of low temperature, the spectrum 
was seen to bo tliat which Huggins, Donati, and others had observed 
in the spectrum of the head of a comet. The gases oooluded in 
meteorites were thus shown to be exactly what we get in the head of 
a comet. 

A Leyden jar was then included in the circuit, and the spootrum 
of carbon was seen to have been replaced by that of hydrogen, from 
the decoDiposition of hydrocarbons. Under low tem|>crature condi- 
tions, then, the spectmm was that of carbon, while under high tom- 
pmtiture conditions the spectmm was that of hyclmgen. I also stated 
that in my laboratory work 1 had come across other curious cases in 
which oompouiid vapours when dissociated only gave ua one spectrum 
at a time, meaning that in a vapour consisting of two well-known 
substances, under one condition we only get the spectrum of one 
substance, and under another condition we get the spectrum of the 
other substance alone, so in others again of both combined. 

1 had noticed this change very particularly during the researches 
of Professor Franklond and myself, in 1669, on the spectrum of 
hydrogen. In thia case the two substances to be considered were 
hydrogen and the mercury vapour from the mercurial air-pnmp which 
was employed in the experiments. 

In the subliming experiments 1 also found that a carbonaceous 
meteorite in vacuo gives off hydrocarbon vapour at the ordinary tem- 
perature, as a wefik electric diaoharge gives us the longest line in the 
band speotrum of carbon without beating. On heating, the other 
lines oome in tUl the well-known bands are formed with more or less 
completeness. If the disoharge be a little less weak, the hydrogen F 
line also appears, and sometimes C, and the F is brighter than the 
carbon line. A non-oarbonaoeous meteorite, like the oarbonaoeous 
one, also gives traces of oontinnous speotnun in the orange, yellow, 
and green, with a weaker electric discharge. 

After describing the changes which took place in Comet Wells, 
which I have already referred to, Hasselberg writes ; — 

** The above observations form an interesting addition to onr know- 
ledge of the physical pecnliariiiee Qf the comet, and give a new and 
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indabitablo proof of the inherent InminoBify of this body, and also of 
a greater complication of chemical constitniion than former observa- 
tions had implied. It seems to be a particularly noteworthy fact 
that the usual comotary spectrum observed first by Tacchini and 
Vogel from May 22nd to 3l8t disappeared, while in its stead the 
bright line spectrum was developed. As this occurrence coincides 
with the approach of the comet to perihelion, the cause of it may be 
sought in the rapidly increasing heat of the comet, as thereby on the 
one hand the sodium present in it was turned into vapour, and on the 
other hand the electric processes within its mass attained greatei* 
vigour. From a discussion of the earlier spectroscopic observations 
of the comet, and from comparative laboratory experiments of the 
spectral relations of hydrocarbon, it seems to me very probable that 
the development of light within this comet chiefly depended on disrup- 
tive electric discharges/’* 

Hasselberg further refers to the experiments of B. Wiedemann on 
the spectra observed during the passage of an electric current through 
mixed gases and vapours. 

Wiedemaun found that when electric sparks were passed through a 
heated tube containing sodium and a gas like hydrogen or nitrogen, 
the spectrum consisted solely of Hues of sodium. Hasselberg also 
repeated this experiment, substituting hydrocarbon for hydrogen or 
nitrogen, and found that the same thing happened. Ho concludes, 
therefore, that this demonstrates the electrical origin of the light of 
comets, since the additional heat due to the approach of the comet to 
perihelion might certainly bring out tbe sodium, but could not have 
caused the hydrocarbon spectrum to disappear. 

I would suggest, however, that the changes which took place in 
Comet Wells can be equally well explained on the supposition that 
heat alone was in question. The main point to be explained is the 
disappearance of the carbon fluting spectrum and the appearance of 
sodium as the comet approached perihelion. With the first increase 
in temperature, as the comet left aphelion, the occluded compounds 
of carbon would be driven out of the meteorites constituting the 
bead of the comet, and the spectrum would consequently be that 
of carbon. At the increased temperature due to further approach 
to the sun, the carbon flutitigs would be masked by the increased 
brightness of the continuous spectrum and by the radiation of other 
vapours. At the same time a still larger number of meteorites 
wonld become incandescent, and vapours of sodium, and possibly also 
of iron, would distil out. Also since the stones would remnin in this 
condition for a considerable time, sodium vapour would continue to be 
visible until they had almost ceased to be incandescent. 

1 may here state that sodium exists only in veiy small quantities 
• < Astr. Nachr.; TSo. 8441. 
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in iron metaorites, but to a far greater extent in etony ones. A 
pbotograpb of the aro spcctnim of the Obernkirchen Tneieorite 
shows barely a trace of D, but the spectrum of a mixture of iron and 
stones shows it fairly bright. 

XL Conclusions. 

I must again refer to the vast dilTeronco in the way in which the 
phenomena of distant and near meteoric groups are necessarily 
presented to us ; and, fai*ther, we must boar in mind that in the case 
of comets, however it may arise, there is an action which drives the 
vapours produced by imimets outward from the swarm in a diroctiou 
opposite to that of the sun. 

It must be a very small comot which, when examined spectro- 
scopically in the Uhiinl innnner, does not in consequence of the size 
of the image on the slit enable ub to differentiate between the spectra 
of the xmclous and envelopes. The spectrum of the latter is usually 
BO obvious, and .the importance of observing it so great, that the 
details of the continuous spectrum of the nucleus, however bright it 
may b<j, are almost overlooked. 

A moment's consideration, however, will show that if the same 
comet were so far away that its whole image would be reduced to a 
point on the slit-plate of the instrument, the differentiation of the 
speotra would be lost; we should have an integrated spectrum in 
which the brightest edges of the carbon bands, or some of them, 
would or won Id not bo seen superposed on a continuous spectrum. 

The conditions of observation of comets and stars being so different, 
any comparison is really very diibcolt; but the best way of prodeeding 
is to begin with the spectrum of comets, in which, in most cases, for 
the reason given, the phenomena are much more easily and accurately 
recoi'dod. But even in the nucleus of a comet as in a star it is much 
more easy to be certain of the existence of bright lines than to record 
their exact positions,* and as a matter of fact bnght lines, as wo 
have seen, including in all probability hydrogen, have been recorded, 
notably in Comet W ells and in the Great Comet of 1882. 

Allowing for those differences in the conditions of observations, 
the discussion shows that the changes in the spectrum of a meteor- 
swarm in the solar system aro closely related to those which take 
place in a swarm outside the solar system. 

In both cases, when the number of oollisions is just sufficient to 
render the swarms visible, the speotra are identical, consisting simply 
of the radiation of the fluting of magnesium at 600. 

* ** Ob^maHom of Comet Z//, 1881, June 25.-*Tba *peotrum of the nuoleui ie 
euntiauous ; that of the coma iihowc the usual bands. With a narrow slit there are 
indimtiouB of many linee juit beyond the verge of distinot viubility.”— Copeland, 

' Copemioun,* vol. 8, p. 826. 
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In each case, an increase in temperatnre is accompanied by the 
addition of continuouR spectram. 

Further condensation of the nebalouB swarm resnlts in an apparent 
star with a spectrum consisting of bright flu tings and lines in 
addition to coutinaous spectrum, and this couditiun, wo have seen, 
also has a parallel in oometary spectra. 

Still farther condensation of the nebulous swarm results in a body 
of Group [[, giving the radiation of carbon and metallic fluting 
absorption. It has been soon that this is also reproducotl in comctary 
spectra. 

The next stage in the history of a nebulous swarm is the forma- 
tion of a body of Group 111, in which the carbon radiation has 
disappeared, and the metallic fluting- has given way to line-absorption. 
This, we have soon, was exactly reproduced in the Great Comet of 
1882, and in Comet 1881, to which reference has just been made 
In the former case, both radiation and absorption lines wore recorded, 
this being due to the repellent action of the sun, as already explained. 

The general sequence of phenomena, both in nebulous swarms and 
comets, may be stated as follows : — 

Magnesium (500) radiation. 

Carbon and manganese fluting radiation. 

Manganese and load fluting absorption. 

Liuo radiation and absorption. 

It is now universally agreed that oomots are swarms of meteorites, 
and hence this connexion between comets and bodies of Groups 1, 
II, and 111 strengthens the general view, which would have been 
worthless bad the cooietary spectra been otherwise. VVe have, there- 
fore, well-marked species of swarms revoli^iug round the sun exhi- 
biting just the same series of phenomena as marked species of nun- 
revolving ones in space. 

Schiaparelli’s view, therefore, that comets con^i8t of materials 
similar in nature to that of which the nobulm are composed drawn 
into the solar systepi by solar attraction, is now abundantly demon- 
strated by the spectroscopic survey of nobulm, stars, and comets 
detailed in my previous papers and in the pi*osent one. 

[Note. December Since the above was written, my assistants 
have made some observations of the nebula in Andromeda, which 
were suggested by the foregoing discussion. We have seen thst 
some planetary nobulss give the same spectrum as a comet at 
aphelion. It appeared that if the nebula of Andromeda were further 
advanced than a planetary nebula in condensation, it should give a 
■peotrum approximating to one of the more advanced oometary stagos 
which have been already discnssed. 
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The Bpeoinxm of this nebula haa hitbexio been regarded as a per- 
fectly continuous one, but the observations referred to show that 
there are some parts brighter than others. The spectrum is almost 
entirely wanting in red and yellow light. In the green there are two 
maxima, the brightest of which is at wave-length 517, as near as 
could be determined with the wide slit which it was necessary to 
employ; the other maximum is near 54$. One of the observers, 
Mr. Fowler, made six independent measures of the maxima on 
November 20th, and got very nearly the same result each time, com- 
parison being mado with the spectrum of a bunsen, and the spectrum 
of chloride of lead at tho toinpcraturo of the bunson. The measure- 
ments were repealed on November 27t)i, with tho same result, and 
on this occasionthey were confirmed by another observer, Mr. Coppen, 
Another brightness near 474, as determined by comparison with the 
bunsen burner, was also suspected, but it was not so easy to measure 
as the others. 

My suggestion as to the origin of this spectrum is that it is the in- 
tegration of very slight continuous spectrum, carbon fluting radiation, 
and the absorption of manganese (558) and lead (546). The citron 
band of carbon masks and is masked by tho manganese fluting, and 
the absorption fluting of lead causes by contrast tho apparent bright- 
ness at 54$. The brightest maximum is no doubt the brightest 
fluting of carbon at 517, and tho one in tho blue, which was sus- 
pected, is probably the blue carbon group 468 — 474. 

If these observations aro confirmed this nebula is at present at tbe 
samo stage of condensation as Comet 1, 1868, on April 29th (p.p. 
April 20th), which must be regarded as a pretty advanced cometary 
stage, seeing that it was observed so near peiihelion and that the peri- 
helion distance was small. 

The discussion of the observations of Nova Andromodm, which is 
not yet completed, shows that there were bright lines in exactly 
the samo positions as the brightnesses which have now been de- 
termined in the nucleus of the nebula. The appearance of the Nova 
was tbei-efore probably due to increased temperature due to collisions 
taking place Mween the sparser outliers of the swarm composing 
the nebula and the external swarm which came in contact with them. 
The view of the Nova’s probable connexion with the nebula is there- 
fore greatly strengthened by this inquiry.] 

[Ni>^e added January 8, 1889. — ^If it be conceded that the tails of 
comets are in part composed of hydrogen and gaseous compounds of 
carbon, an explanation seems to be afforded of many recorded pheno- 
mena, among which may be mentioned— 

I. The absence of carbon and oxygen from the sun ; 
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II. The pmenoe of hydrogen in the atmosphere of the hottest 
■tars; 

IIT. The presence of carbon in stars on cooling ; 

IV. The decreaaing densities of planets and satellites outwards. 

1 hope shortly to be able to communicate the result of some experi- 
mental work, which is now going on, which may throw light upon 
this subject.] 

[Note adiied January 14, 1889. — Since the above was written, T 
have come across some observations of Comet C, 1880, made by 
Mr. Sherman* on May 26th and 28th and June 4th, The perihelion 
passage of the comet occurred on June 6th, so that all the observa- 
tions were made near perihelion, when the comet was pro tty hot. 
Unfortunately, the individual observations are not recorded, and we 
are therefore unable to trace the sequence of spectra. Seven loci of 
light wore observed, and four more were strongly BU8i)ected. The 
wave-lengths given are 618*4, 001>‘6, .567*6, 553*7, 545*4 (suspected), 
535*0 (suspected), 517*1, 468*3, 433*4, 412 9 (suspected), and 378*6 
(suspected). 

My suggestion as to the origin of this spectrum is that it was the 
integration of hot carbon and hydrocarbon (431) radiation, cool 
carbon absoi'ption, manganese absorption, and lead absorption ; t.e., it 
was similar to Coggia’s Comet on June 13th (see p. 176), with the 
addition of lead (646). The maximum at 618 4 was in all probability 
the iron fluting, nud that at 567*6 was probably the second Anting of 
lead (568). This leaves the loci at 600*6, 535*0, 412*9, and 378*6 
unexplained, the latter three being only suspected.] 


n. “OJT SOME EFFECTS PBODUOBD BY THE FALL OF 
METEORITES ON THE EARTH.** 

Part I. — Falling Dust. 

In my paper of November 17, 1887, 1 stated that Professor Newton 
and others have calculated that not less than twenty millions of 
meteorites, each large enough to present ns with the phenomenon of 
a shooting star visible to the naked eye, enter our atmosphere daily. 
If this be conceded, the upper parts of our atmosphere must be con- 
stantly charged with meteoric dust, whether oxidised or not, in a 
state of suBpenrion, while it is possible that the earth encounters 
particles finer than those which produce the phenomena of falling 
atars. 

The only means open to us of determining the presence or absence 
• * Amcr. Journ, 9oi./ vol. 82. 
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of this dnflt m the hi^lior refs^ions of the air ia bj speotroaoopio obiier* 
TaiionB of the atmosphere containing it when it is rendered luminoaa 
hj electrical discharges. It becomes necessarj, therefore, to make a 
thorough investigation of the spoctram of the aurora borealis from 
the point of view that meteoric dust, if it exists, is likelj to assort 
itself in any electrical excitation of the atmosphere. 

It is now many years since the idea was first thrown out that the 
aurora was in some way connected with shooting stars. The connexion 
was first snggested by Olmsted in 

M. Zenger, in a catalogue of aurone observed from 1800 to 1877, 
showed an apparent ooiinexion between the brightest displays and the 
appearance of largo numbers of shooting stars, and M. Denza noted 
the same connexion on ^November 27, 1872, and remarked that ha 
had noticed it before. 

In spite of these ideas, however, oven after the chemical nature of 
shooting stars was known, observers have in tho main contented 
thetijselves with making comparisons of the aurora spectrum with 
the spoctroui of air under different conditions of temperature and 
pressure. 

It has never been possible, however, to reconcile tho aurora 
spectrum with any known spoctram of air. Some obs©rvei*8 are of 
opinion that the lines seen in the aurora coincide with air-lines, but 
have different intensities, and they attempt to overcome this difficulty 
by assuming that the aurora spectrum is produced under conditions 
which we are unable to imitate in onr laboratories. 

When we recognise the importance of considering the possible 
existence of meteoric dust in the atmosphere, a comparison with the 
spectra of uncondensed roe teor-a warms is at once suggested, for the 
more my researches advance the more does dust rather than large 
meteoritio masses appear to be iu question. 

The result of a preliminary comparison with fy-Cassiopeied and with 
the bands in Dun6r*a stars was communicated to tho Royal Society on 
January 9, 1888. Tho tables which 1 then gave show that there is 
probably a very intimate relation between the spectrain of the 
aurora and those of meteor^swams. 

The further inquiry into the recorded observations to which I have 
subsequently to refer, seems entirely to juNtify tho suggestion then 
put forward, and I now propose to show what progress has been 
made in attacking what has always been regarded as a difficult 
subject. I will first, however, briefly refer to the observations and 
comparisons which have been previously made, and discuss them in 
chronological order. 

It is necessary to state that the existing observations of aurora 
spectra show such great differences of wave-length for what ore 
* * Axner. Joum. Sot.,* rola 35 and 36. 
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probably tbo Bame linea, that it in somewhat difficult to assign 
origins for the lines. These discrepancies occur not only in the 
measures made by different observers, but in those made at different 
periods by the same ol>server. Farther, the individual observations 
are seldom recorded, but in place of them are given the means of 
several observations, and in some cases the means have been obtained 
by throwing together lines which are very fur apart. At best, there- 
fore, it is only possible to suggest the most probable origins of the 
lines and bands seen. 

The object of the present paper is therefore mainly to direct farther 
inquiries. 


I. Early Obsebyations. 

Amjatrom's Fint OhservationB, 

The spectroscope was employed in investigating tbe nature of the 
aurora spectrum by Augstrom in 1867.* He found that the light was 
almost perfectly monochromatic, the spectrum consisting mainly of a 
yelloW'green lino at a wave-length given by him os 5567. With a 
wide slit other faint band.s were visible. 

The note is so short that 1 give it in full; translated it reads 
thus ; — 

From the time of Franklin’s memorable observations on elec- 
tricity up to the present thero has been a perfect agreement 
between the setions of this natural force and those of frictional elec- 
tricity, that it was easy to foresee that the spoctruin of liglitning 
must be the same as that produced by the ordinary electric discharge 
in air. The obserYations made by M. Kuudt have perfectly proved 
this. The two phenomena of the aurora borealis and of terrestrial 
magnetism being so closely connected with each other, that the 
Appearance of the aurora is always accompained by disturbances of 
the magnetic needle, it might be supposed that the aurora borealis 
was only an electric flash, which is however not the case. Dariugtlie 
winter of 1867-68 1 was able several times to observe the spectrum of 
the lamiiious arc which borders the dark segment, and is always 
present in faint aurone. Its light was almost monochromatic, and 
(H>nRisied of one bright lino, on tho left of a group of calcium lines, 
I determined the wave-length of tbe line which was equal to \ = 
5567. Beyond this line the intonsity of which is relatively gi'eat, 
I observed also, by increasing the width of the slit, traces of three 
very faint bands which extended almost to F. On one occasion only, 
where the Inminous arc was agitated by undulations which changed 
ita form, I saw the regions iu question lighted momentarily by some 
faint spectral lines; bat considering the lack of intensity of the 
* ' Spectre lion&al du Soleil,* 1868^ p. 41. 
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raya, it may atill be aaid that the light of the Inminom are ia aenaibly 

monochromatic. 

“Hero is a circumstance which gives this observation on the 
spectnun of the aurora borealis a greater and even cosmic importance. 
During a week of the month of March, 18()7, £ succeeded in observing 
the same spectral line in the vsodiaeal light which had then an exfra- 
oi*diuary inteusity for the latitude of Upsala. At last, daring a 
starlight night, the whole heavems being in a manner phosphorescent, 
I found traces of it even in the faint light omitted from all parts of 
the fiimament. A very remarkable fact is that the lino in question 
coincides with none of the known lines in the spectra of simple or 
compound gases, at least so far as I have studied them at present. 
It follows from what I have said that an intense aurora borealis, such 
as may be observed above the polar circle, will probably give a more 
complicated spectrum than that which I saw. Supposing that to be 
the fact, it may bo hoped that in the future it will be possible to 
explain more easily the origin of the lines found and the nature of 
the phenomenon itself. Not being able to give this explanation at 
present, 1 pi’opose to return to it another time.** 

Zollner'a View, 

In the * Report to the Royal Saxon Academy of Sciences,’ October, 
1871, Zollner expressed the opinion that the temperature of the 
incandescent gas of the aurora must be veiy low. Ue affirms that 
the S|>ectrum does not coiTcspoud with that of any known substance, 
and suggests, therefore, that it may be one given by air under some 
peculiar condition which cannot be experimentally reproduced. ( A 
translation of Zollner's paper is given in the ^ Philosophical Maga- 
zine,’ vol. 41, 1871, p. 122.) 


VogeVa Viewa, 

Vogel also makes the same affirmation, and comes to the same 
oonolusion as Zollner, namely, that the spectrum of the aurom is one 
which cannot be artificially produced. He suggests that it may be 
the integrated spectrum of several layers which exist under different 
conditions (‘Reports of the Royal Saxon Academy of Sciences,’ 
1871).* Ho points out that the characteristic line in the aurora 
Bi>eotram observed by Augstrfim is coincident with a very faint line 
of nitrogen. That this line should appear in the aurora spectrum 
with enhanced intensity he regards as quite consistent with the 
known variability of gas spectra under various conditions of tem- 
perature and pressure. He also points out the possible coincidence 
of one of the lines with a line in' the negative-pole spectrum of 

* A trautlalion of Vogel's paper Is given by Capruu (' Aurora,' p. IM). 
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nitrogen at wave-length 5224, of another witb an oxygen lino at 5189. 
and of another with the strong nitrogen line 5004. The red line in 
the speotmm he regards as having the same origin as the group of 
lines in the spectram of nitrogen which extends from 6218 to 6620, 
and brightens towards the violet end, the change in appearance being 
due to the faintness of the anrora. This, however, is not likely to be 
the case, as the rod line has been seen both bright and sharp (B. H. 
Proctor, “Aurora,” ‘Encycl. Brit.,* 9th edit.). 

In the same paper, Vogel shows the close coincidences between the 
aurora lines and lines in the spectrum of iron, but considers it more 
in accordance with probability to regard the aurora spectrum as a 
modification of the spectrum of atmospheric air. 

Angstrom' $ further Observations and Gonclusions. 

In a later paper (‘ Nature,' vol. 10, p. 210), Angstrom arrives at 
conclusions which may bo thus briefly stated : — 

(1.) That the aurora has two different spectra, one consisting of 
the characteristic lino, and the other consisting of the fainter lines. 

(2.) That the coincidences of the bright green line with a faint 
line in the spectrum of air, as determined by Dr. Vogel, is purely 
accidental, and also that there is no coincidence of any importance 
with any member of the hydrocarbon group in which it falls. 

(3.) ^at the bright line is probably due to fluorescence or phos- 
phorescence. 

(4.) That Vogel's theory of unknown conditions of temperature 
and pressure being competent to produce the change from the ordi- 
nary experimental spectrum of air to that given by the aurora, is 
inadmissible. (Angstrom regarded the spectrum of a gas as invari- 
able.) 

(5.) That moisture may be neglected in considering the nature of 
the aurora spectrum. 

He doBoribes an experiment on a glow equivalent to the glow of the 
negative polo of an air vacuum-tube, in which the spectrum obtained 
showed close coincidences with three faint lines in the aurora spectram. 
A layer of phosphoric anhydride is spread over the bottom of a flask 
fitted with platinum wires ; after exhaustion witb an air-pump, the 
current from an induction coil is passed between the two platinums. 
The flask then becomes filled with a violet light like tlmt which, 
under ordinary conditions, only appears at the negative pole. The 
spectrum of this light shows the foUovdng close coincidences with 
that of the aurora ; — 


a 
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Although this coincidence is rather striking, it must be remembered 
that there are other strong bands in the spectrum of the negative 
pole which do not appear in aurora spectra. As mapped by 
Hasselbergi the spectrum of the negative pole consists of a series of 
bright fintings shading off towards the violet, the brightest edges of 
them being at wave-lengths 419*8, 423*6, 427*8, 451*5, 455*4, 459*9, 
465*1, 470*8, these are all of equal intensities.* (See fig. 16.) 

Capron remarks that if the violet-pole glow spectrum is to repre^ 
sent tbe aurora spectmm, it must be under conditions different from 
those by which it obtains in dry-air vaounm-tubos or flasks at 
ordinaiy temperatures ** (* Aurora,' p. 126). 

There can, therefore, bo little doubt that the aurora spectrum has- 
nothing in common with the negative*pole spectrum of nitrogen, and 
that the three close coincidences noted by Angstrom are merely 
accidental. 

With regard to Angstrom’s objection to Yogers theory that to view 
the aurora spectrum as a spectrum of air under unknown conditions is 
inadmissible, we now know that gas spectra are not so invariable aa 
Angstrom supposed ; but still we have no right to assume that any 
parfcioalar change is possible until we can prove it experimentally, or 
at the very least, prove an approach to such a change. If we assume 
that any change may take place in any spectrum, we upset the whole 
basis of spectrum analysis. 

Oemparison of the Aurora Spectrum with the Negative-pole Spectrum of 

Oxygen, 

The negative-polo spectrum of oxygen, as mapped by Schuster 
(‘Phil. Trans.,* 1879, Part I) consists of four broad bands, the two* 
brightest having the following positions : — 


Sm's } ®255 

Se}®"®*^**’***^ 


Uoder gnat digpejraion, these bands break np into series of lines. 

* d« PAeadteii. Inpjride dM SemiMt de 8t. P^tenbonii,,’ SeriM 7. 

T0l.S*,No.lt. 
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The proximity of the brightest part of one hand (5586) to the aurora 
line is notable, but considering that the aurora line is always sharp, 
Sohnster concludes that there is no connexion between the spectrum 
of the aurora and that of the negative-pole glow of oxygen (quoted 
by Capron, * Anroraa/ p. 130). 

Comparison mih the Spectrum of Hydrogen, 

Similarly, all attempts to identify the spectrum of the aurora with 
that of hydrogen, another constituent of our atmosphere (in the form 
of water vapour), have failed. On this point Gapron remarks ; — 

No principal line, and one snbsidiazy line only,* actually coincido 
with the aurora spectrum, this last being that to which Dr. Vogel 
assigns an identical wave-length, vis., 5189 (‘ Aurone,’ p. 109). 

That this coincidence is of no importance is obvious when it is 
remembered that there are a great number of such lines in the 
spectrum of hydrogen, and that no experiments have been recorded 
indicating that this lino is more persistent than the others. 

Comparison with the Spectrum^ of PhospJtoreUed Hydrogen, 

Next in importance to comparisons of the aurora spectrum with 
air spectra is the comparison with the flame of phosphoretted 
hydrogen, in connexion with Angstrom's suggestion that the 
characteristic green line may be due to phosphorescence or fluor- 
escence. The spectrum of phosphoretted hydrogen consists of 
several bands, the centres of the four brightest being at 526*3, 510*6, 
560*5 and 599*4 (Lecoqde Boisbaudran, * Spectres Lumineux,' p. 189). 
These bands brighten when the flame is artificially cooled, especially 
the less refrangible ones. 

On this subject, Gapron says: “Having regard to the near 
proximity of the phosphoretted hydrogen band to the bright aurora 
line, to the circumstance of this band brightening by reduction of 
temperature (a phenomenon probably connected with ozone), to the 
peouliar brightening of one line in the green in the “aurora" and 
“ phosphorescent " tubes (the phosphorescent tubes probably con- 
taining 0), and to the observed circumstance that the electric 
discharge has a phosphorescent or fluorescent afterglow (isolated, 1 
believe, by Faraday), I feel there is strong evidence in favour of such 
an origin to the principal aurora line, if not to the red line as well " 
(‘Aurone,^ p. 126). 

But the mere fact of one of the phosphoretted hydrogen hands, 
and that only the third in order of brightness, falling near the 
chqraoteristio aurora line cannot be supposed to be anything more 

* the rabsidisiy lines of hydrogen constitute what I deacribcd sc the striwtibe* 
•iMhtntm of hydrogen in my paper of November 17, 1887. 

Q 2 
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FiO-. 16 .— BiagKDi showing that the Aurora Spectrum is not a specstrom of nitrogen or oxygen. 
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thata accidental, ilnless the absence of the two brightest bands can be 
explained. As this cannot be done, the suggestion maj be dis- 
regarded. 

The information gfiven about the green lino seen in the phosphor- 
escent tube by Capron is insufficient for any conclusions to be 
founded on it. 

Fig. 16 is a map showing that the aurora spectrum is not that of 
the negative or positive pole of nitrogen, or any spectrum of oxygen, 
although there are some apparent coincidences. The intonsitios of the 
lines and bands in the spectra are indicated by lengths, the longest 
being the brightest. The map shows that lines or flutings as bright 
as or brighter than those which have been supposed to coincide with 
lines in the aurora are absent from the aurora spectrum. The probable 
meteoritic origins, which I shall havo to refer to in detail later on, are 
shown at the bottom of the map. 

Oroneman's reference to the Meteoric Duet Theory, 

So far wo have had chiefly to deal with theories in which the 
aurora spectrum is regarded as being inseparable from that of 
atmospheric air, but wo have next to consider one which, if true, 
would give a totally different origin. 

In 1874, Qroneman (*ABtr. f^achr.,' No. 2010) rosuscitated the 
theory of Olmsted that the aurora has its origin in the fall of incan* 
^soent meteoric dust.* The iron particles are regarded as being 
competent to produce the magnetic phenomena which accompany 
aurora, and as being consistent with their geographical distribution. 
This theory, however, was not received very favourably, because it 
left the spectroscopic phenomena as far from a solution as ever. Thu8» 
Capron remarks (* Aurora,’ p. 170) that *‘if aurora were composed 
of incandescent glowing meteors, it would be reasonable to expect to 
find in the speotmm the lines of iron, a metal oonstitathig so 
prominently the composition of meteorites. No connexion between 
the iron and the aurora speotmm is, however, proved; though it may 
be suspected. The iron spectrum contains so many lines that some 
may, as a mere accidental circumstance, closely agree with the aurora 
lines.” Vogel also oonsiders that we are not entitled to regard the 
dose ooinoidences of the aurora lines with some of the iron linos as 
complete evidence of iron vapour, until we have anoceeded in showing 
by experiments that the relative intensities of the iron lines are 
subject to great changes ; and in this way to account for the appear- 
ance of faint lines in the aurora spectrnm, or, on the other hand, tp 
account for the absence of the strongest lines. 1 shall show snbse* 

^ This theoiy wss lubiequently diseuMed in an appendix to the *Mcmorie della 
Sooletk degU Spettibeoopiiti Itoliani,* 1878. 
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qaently what experiments have now oonclosively proved the presenoe 
of iron. 

Jfr. Gapron*B ConcluiBums. 

In reviewing the above theory to explain the origin of aurora 
np to 1879, Mr. Band Capron makes the following statement : “ As 
the general resalt of spectram work on the aurora up to the present 
time, we seem to have quite failed in finding any spectram which, 
as to position, intensity, and general character of lines, well coincides 
with that of the aurora. Indeed, we may say we do not find any 
spectrum so nearly allied to portions even of the aurora spectram as 
to lead UB to conclude that we have discovered the true nature of one 
spectrum of the aurora (supposing it to comprise, as some consider, 
two or more). The whole subject may be charactonsod os still a 
scientific mystery.” (‘ Aurorte,' p. 171.) 

II. Lemstrom^s Observations. 

The next contribution to our knowledge of auroin spectra of any 
importance is that of Lemstrom's (* L*Aurore Boreale,' 1886). All 
previous observers who attempted to identify the spectrum of the 
aurora with that of atmospheric air failed to do so, but Lemstrom 
asserts (p. 158) that the twelve lines which have been recorded in 
aurora spectra are nearly all seen in the spectrum of a Geissler tube 
containing the same gases as those constituting our atmosphere. The 
differences in the relative intensities he believes to bo due to condi- 
tions of temperature and pressure.* Although the auroral line 
(wave-length 557) does not agree perfectly with the line at 558 seen 
in the spectimm given by his appareil de Vaurore horeale (air vacuum- 
tabes illuminated by sparks from a Holtz machine), ho regards the 
atmospheric origin of the aurora spectrum os completely demon- 
strated. He states (p. 138) that the characteristic line of the aurora 
spectrum is always seen in the light produced by the discliarge of an 
electric current (by means of his appareil d^ecotdement) from the top 
of a mountain. He gives a table of auroral lines compared with the 
lines in the spectra of rarefied air, as observed by himself, and hy 
Vogel and Sundell under other conditions. The air lines recorded by 
Vogel nearly all coincide with lines recorded as oxygen lines fay 
Sohuster (* Phil. Trans.,’ 1879) ; but it is important to note that 
some of the strongest linos mapped by Sohuster are absent from 
Vogel's list (see fig. 16). So tba^ even if we allow that some of the 
aurora lines fall near lines of oxygen, the absence of the brightest 
oxygen lines from the spectrum is suffioient evidence for us to oonolude 

e fii Ton te dexnsnde pourquoi on ne volt point dsns I'aurora polsire toutss les 
rsies exbUnt dons oss gu, rexp^rieiiM rtpond qne les niet des gss ohangent 
seUm la temperature et la pieeaion de oei gas.** (*L*Attroie Borftale,' p. 160.) 
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Mfely that we are not dealing with the line speotram of oxygen. 
We have preyiouslj seen that it ia not the negative-pole speotram of 
•oxygen. 

In the same table ('L* Aurora BorAile,* p. 92), the aurora lines are 
•compared by Lemstrom with some of the lines or bands observed by 
himself in the speotram of rarefied air. The air lines which be gives 
«11 agree in position with some of the nitrogen flutings mapped by 
Hasselberg (* Memoires de I’Acad^mie Imp^rialo de St. P^tersboarg/ 
Series 7, vol. 32, No. 15). One of them is at wave-length 558, and this 
he believes to be coincident with the aurora line 557. The intensity of 
the line is not given, but Hasselberg gives it as a comparatively feeble 
fluting at 557 (see fig. 16). Considering the absence of the brightest 
nitrogen flutings from the spectrum of the aurora, the supposed 
coinoidoncos between some of Lemstrom's rarefied air lines and lines 
in the aarora spectrum, which are far from perfection, may be dis- 
regarded. 

The same objeotions apply to the lines in the rarefied air speotrum 
which have been recorded by Sundell ; those which fall anywhere 
near lines in the aurora are comparatively faint flutings or lines in 
the spectrum of nitrogen; at all events, flutings of the same or 
greater intensities are absent, and there is no evidence to show that 
the coincident ones retain their brightness as the others fade. 

LemstrOm then leaves the origin of the aurora speotram as uncer- 
tain as ever. There is no evidence to show that it is a spectrum of 
air, or, indeed, of any other gas. If it be a speotram of air, it ia one 
which has never been obtained experimentally, and one which can 
only be put forward by making unphilosophioal assumptions and care- 
fully avoiding experiments. 

III. Oyllenshidld^B ObtervoHonB and Oonclusions. 

Still later observations of the aurora which have been published 
are those made at Cape Thordsen by M. Carlheim-Oyllenskidld.* Two 
lists of lines are gpven, one from observations made with a Hofmann 
epeotrosoope, and the other from observations made with a Wrede 
speoiroBOope. The lines in the first list extend from blue to red, and 
those in the second list from green to violet. The individual observa* 
tions of different aurora with the lines observed in each are given. 
-36 aurora are recorded in which only 1 line was visible, 15 in which 
there were only 2 lines, 6 with 3 lines, 16 with 4 lines, 5 with 6 lines, 
4 with 7 lines, 1 with 8, 1 with 9, and 1 with 10 lines, so that 
altogether, no less than 84 observations are recorded. 

The total number of lines seen were 82. Oyllenskifild’a main oon^ 
elusions are : — 

* ^ObarratioiM ftita au Gap Thordan, Spitibeig, par I'EsptdiUon SiiMoiw.* 
VoL Si 1.—“ Asrofa BoresUs,'** par OirUieiin<^lleDSkiSld. 
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(L.) Tbat 16 of the aurora linea nearly coincide with air lines, 
8 with the po»iiiTe-pole spectrum of nitrogen, 4 with the negatire-pole 
spec tram of nitrogen, and 3 with linos of hydrogen. 

(2.) That the anrora spectrum greatly resembles that of lightning, 
and regards it as consisting of several superposed spectra. The 
variablo character of the spectrum is accounted for by the absence 
flomotimes of one, sometimes of another, of these elementary spectra. 

(3.) The brightness of the aurora, according to M. Gyllonskidld, 
does not depend upon the energy of the electrical discharge which 
produces it, but upon some cause with which we are not acquainted. 

Note , — It is not out of place to suggest that the brightness of the 
aurora may depend upon the varying quantities of meteoric dust in 
the atmosphere at different times. 

(4.) Two kinds of aurora are distinguished, viz , red ones and 
yellow ones. In the former, the positive-polo spectrum of nitrogen 
is predominant, while in the latter the negative-polo spectrum is pre- 
dominant. Laboratory experiments have shown tbat the positive- 
polo spectrum of nitrogen is given by dense moist air, wbilo the nega- 
tive-polo spectrum is given by rarefied dry air; and Gyllenskiold 
suggests that yellow auroras are formed in tho higher parts of tho 
atmosphere, and the i^ed ones in tho lower layers. 

(5.) That the observations boar out Angstrom's suggestion that 
some of the bands belong to tho negative-pole speotrum of nitrogen. 
He says : — “ Nos observations confirment done Topinion d’ Angstrom, 
quo les bandes faiblement Inmineuses do I’anrore bor6ale appartionnent 
an spectre du p61e negatif; auxquolles leg bandes et les lignes de 
]*azoto 86 joignont dans certains cas.*’ He observes that the cha- 
racteristic line of tho aurora appears in company with the negative- 
polo spectrum, and says it is probable that some of tho more refran- 
gible bands of tho positive-pole spectrum also appear ut the same 
time. Both tho positive and negative-pole spectra are very rich in 
violet and ultra-violet rays, and Qjllonskiold’s observations support 
Angstrom's view, that the characteristic line is due to the fiuoresoenoe 
of oxygen produced by tho violet light of the negative pole. 

This fiuorescence, however, cannot be reproduced in experiments 
with Geissler tubes, and M. Gyllenskiold concludes that the origin of 
the cbaracteristic line still remains unexplained, but be suggests that 
its origin may eventually be discorored by investigation of the 
fluorescent spectra of various chemical substances. 

Tbo characteristic aurora line therefore romnins unexplained by 
M. Gyllenskiold. As regards the remaining lines, ho states that 
sixteen nearly coincide with air linos, but it is important to note that 
these are not the sixteen strongest air Hues. Some of the lines fall 
near to bands in the positive-pole spectrum of nitrogen, as Gyllonskidld 
points out, but equally stronar or stronger bands are not seen in the 
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aurota, bo tbat tbe coincidenceB are only accidental. The same applies 
to the bands in tbe negative-pole spactram. 

Like Lemstrdm, then, Oyllonskiold makes no advance as regards 
the origin of the spectmm of the aurora, bat at the same time it is 
only fair to acknowledge tbe value of the observations, 

I have next to refer to my own observations and comparisons. 

IV. The 8eg}unce of the Flutings and Lines seen in a large Tube at 
different Stages of Pressitre. 

In order to demonstrate that tbe aurora spectrum does not coincide 
with the vacuum-tube spectrum of sir, I have made a series of obser- 
vations of an ond-on air vacuum-tube, about 5 feet long and 2 inches 
in diameter. The tube was arranged as in fig. 17, ono ond being 
connected with the Sprengel pump, and tbe other with a piece of 
glass tube by means of mercury joints. Tho latter tube was con- 
nected with a hand air-pump to save time in exhausting. After partial 
exhaustion the tube was sealed off with a blowpipe, and tho exhaustion 
completed with tho Sprengel. Tho slit of tho spectroscope was 




Tio. 17.*Large end-on vacuum-tube, arranged for an obgcrvation of the Spectrum 
of air at varying pressuicfl. 

placed close to the bulb at the end of tbe tube (fig. 17). The diagram 
also idiows a Geissler tube arranged for comparison. 
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16. — ttap showing the seqaeticc of Spectra ia a laigo air-Tiicauiii tube as the pressure is reduecil. 
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When the spark first passed only a few of the strongest nitrogen 
flntings in the violet were visible, bufc as the pressure was reduced, 
the spectrum gradually extended towards the red. A line of oxygen 
near 5316 was visible in the early stages, but it afterwards disappeared. 
At the most luminous stage, nothing but nitrogen fiutiugs were visible. 
After a time the nitrogen fiutiugs dimmed, and low-temperature 
flutings of carbon appeared. Then the F line of hydrogen appeared, 
and a little later the G line. Later still, the hydi-ogen line at G also 
appeared. With the further dimming of the nitrogen flutings, an 
oxygen line at 471 brightened, being sometimes as bright as the F line, 
and brighter than the carbon flutings. The whole spectrum then 
became very faint, but as the line at 471 dimmed, another oxygen 
line at 465 appeared. Ultimately, the glow was so faint that only a 
few of the nitrogen flutings were visible. 

The sequence of the various flutings and lines is shown in fig. 18. 
Below tho various air spectra the principal lines of the aurora 
spectrum are given for comparison. The spectra of nitrogen, carbon, 
and hydrogen are given as a key to the spectra observed. It should 
also be stated that tho lino near 5316 is an oxygon line. 1 am now 
working at this line. It will be seen at a glance that there is only 
one coincidence with one of the most persistent flutings, which are all 
that need be considered. Since equally persistent flutings are not 
present in the spectrum of the aurora, this coincidence is obviously 
of no importance. 

V. Gimvparieon with Uncondensed Meteor-swarms, 

In my preliminary communication I indicated the remarkable 
coincidences between the lines in the spectrum of the aurora and 
the bright lines in the spectrum of fy-Cassiopeico, and also with tho 
absorption-bands in bodies of Group II. Tliese bodies are unoon- 
densed swaiuns of meteorites at a comparatively low temperature, 
and hence the comparison suggests the probable meteoritic origin 
of the spectrum of the aurora. 

I have since extended tho tables which I then gave, and excluding 
for the present Gyllenskidld’s observations, they now stand os 
below : — 



Table of Wave-lengths of Auroral Lines. 
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• Coronal line. t This means brightest fluting. 

Origin not determined, but » line near this position is se^ in the spectmin of the ILimerich meteorite. 



1889.J of varioun Species of Heavenly Bodies. 233 

The follo^ving table Rhowa the above iigaroa in another form and 
indudcs (ho bright lines recorded in 7 -CassiopeifO ; — 


1 

Aurora 
(means) . 

l>Ands. 

Bright lines in 
7 -CasiiopoicD. 

Probable 

origin. 

Wave-length 
of probable 
origin. 

411 i 






426 1 

, , 


, , 

, • 

, , 

432 

, . 



cu 

431 

• • 1 



162 *3 

Sr 

460*7 

474-478 

460—474 ( 10 ) 

. . 

0 (hot) 

474 

48t 

477— '485 

(«) 

. • 

0 (cool) 

48.3 

GUO 

493 -503 

( 8 ) 

199 

Mg 

500 

616 *5 


/*T\ 

516*7 

1 C (hot) 

516*6 

622 

.. j 


• • 1 

1 Mg 

320*1 

591 



.531 

Corutitil lino 

635 1 

, , 


• . 1 

T 1 

635 

639 

* a 


642*2 

Mn 

540 

645 ; 

615—560 

(5) 

, , 

Ph ( 1 ) 

646 

55H ; 

559-564 

(4) 

555-7 

Mn ( 1 ) 

658 


585—595 

(3) 

686 

Mn ( 2 ) 

586 

C 06 ' 

, , 


, , 

, , 


620 

G16— 630 

( 2 ) 

, , 

Fe 

615 

630 



035 *0 


• » 


The chemical substances indicated by Duner's bands, and by the 
lines in 7 -CaBBiopoiin, are those constituents of meteorites vrhich are 
volatilised at the lowest temperatures, namely, magnesium, man- 
ganese, and lead. Besides those thei*o are compounds of carbon, 
which, when rendered incandescent, give the carbon flutings. 

In discussing the meteonc dust theory, as first enunciated by 
Olmsted during the display of 1833, spec trosco pis ts lost sight of tho 
importance of considering the volatility of meteoric constituents, 
instead of quantities. Iron exists in great quantity in meteorites, 
and was naturally the first thing to be expected in the aurora spectrum, 
supposing it to be a meteoritio phenomenon. But, os 1 pointed out 
in my paper to the Royal Society on November 17, 1887, experiments 
on the InminouH phenomena seen at low tempera tui^s show that if 
magnesinm, manganese, and lead are present in meteorites, they will 
he indicated in tho spectrum befoiH) the iron. 

The experiments have shown that a very small percentage of 
manganese is snffloient to render tho first fluting (558) viHihle. It 
is the first fluting seen when ordinary iron wire is volatilised in 

^ This lino is seen as a pretty bright line in Ibo spootrum of the Limerick 
meteorite, but its origin has not yet been determined, although comparisons hare 
been made with most of the common elements. So far, it has not been observed in 
any other motcorito. 
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the ozy-ooal-gaa flame, and even with the purest eleotroljtio iron 
prepared bj Jacobi and by Professor Boberts-Ansten it is visible 
before the iron lines. The importance of this fluting in this discnssion 
cannot therefore be overrated. 

The aurora being a low-temperature phenomenon, we should expect 
to And in its spectrum, lines and remnants of flntings soon in the 
spectra of meteorites at low temperatures, the manganese fluting 
being the most prominent for the reason before stated. 

The cbaractoristio line of the aurora is the remnant of the brightest 
manganese fluting at 558. Angstrom gave the wave-length of the 
line as 5567, and since then many observers have given the same 
wave-length for it, but probably without making independent deter- 
minations. Piazzi Smyth, however, g^vos it as 558, which agrees 
exactly with the bright edge of the manganese fluting. B. H. Proctor 
also gives the line as a little loss refrangible than Angstrom’s deter- 
mination. He says: — '*My own measures give me a wave-length 
very slightly greater than those of Winlock and Angstrom” (‘Nature,' 
vol. 3, p. 468). 

Gyllenskiold’s measures with the Wrode spectroscope also give 
5580 as the wave-length of the characteristic line. T feel justified, 
therefore, in disregarding the difference between the wave-length of 
the edge of the manganese fluting and the generally accepted wave- 
length of the aurora lino. 

The lino of manganese at 540, which is seen in the spectra of many 
of tho “stars ” with bright line?, has been recorded in the aurora by 
Vogel. 

The remnants of tho two magnesium flu tings seen in bodies of 
Group II, at wave-lengths 500 and 521, ai*e also scon as lines in the 
aurora. In addition to these, there is sometimes the lead fluting at 
546, corresponding to Duner’s band 5, and probably also the gp^n 
line of thallium at 535, os indicated in tho tables. 

Four lines in the aurora spectrum are probably due to carbon. Tlie 
first is at 516*5, the brightest fluting seen in the spectrum of a bunsen 
burner; I have previously described this as a high-temperature 
fluting, but the term is only relative. The second is the low- 
temporature fluting at 48^3, which has been recorded by several 
observers. There is probably also the high- temperature carbon 
group beginning at 474, the maximum light of which is about 469. 
Vogel records it as a band extending from 463 to 469, and Lemstrom 
as 469 to 471. These observations, therefore, justify us in regarding 
this as a band, and if we take the readings of tho other observers as 
the wave-lengths of the part of maximum brightness, we get the 
mean reading of the maximum as 467*5. This agrees as well as can 
be expected with the true wave-length of tho maximum, 468. The 
hydrocarbon fluting at 431 has probably also been seen. 
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Fig. 19 shows how the anrora speotram oan bo built up from the 
lowest-temperature spectra of manganese, magnesium, load, and 
thallium, and the brightest flu tings of carbon. 

When the temperature is increased iron (615) sometimes flashes in. 
This was particularly noticed in the Norwegian observations, to which 
I have subsequently to refer. 

VI. Further Difteuasion of Oyllenakidld^s Ohservationa, 

Tf, in discussing Gyllenskiold’s observations, we limit ourselves to 
those cases in which not more than foui‘ lines were recorded, wo find 
tliat with a few exceptions, the lines seen were lines which are 
brightest in the spectra of meteorites at low temperatures. It might 
at first sight bo expected that when only a few lines are seen, they 
ought to be the same iu every case. There are variations, however, 
which in all probability are due to differences in composition of 
dilferont groups of meteorites. 

The following tables contain all the observations in which not more 
than four lines wore recorded. The probable origin of each line is 
also stated. Some of the Hues have been arranged in different 
columns, as the discussion has suggested. 

It will be observed that the characteristic line wtis seen alone eight 
times by Gyllenskidld out of tho thirty-eight observations recorded 
in the first table. 

Out of the total number of seventy-six observations in the tables, 
the line of manganese at wave-length 540. which is seen in tho 
spectra of many of the bright lino Stax'S,’* was seen alone on two 
occasions, and six times in company with other lines. 

The first fluting of lead, at wave-length 546, occurs alone three 
times, is twice associated with tho thallium lino, and occurs six times 
along with other lines. 

The remnant of tho magnesium fluting at 500 occurs alone only 
onoo, but that at 521 occurs alone six times. 

Tho first fluting of carbon, at 517, occurs alone three times, and 
twice in company with other lines. The carbon band extending from 
468 to 474 occurs alone four times, and six times with other lines. 
The low-tomporature fluting of cai'bon at 483 only occurs once, and 
is then alone. Tho first iron line at 579 occurs alone twice, and six 
times along with other lines. When we got iron apparently without 
manganese 558 it is probably due to masking of 558 by oontinnous 
spectrum. The green line of iron at 527 occurs alone seven times, 
and thh*toen times in company with other linos. 

The thallium line appears alone only once, but in company with 
othe^ lines it appears fifteen times. 
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There are only six lines for which no origins can at prosont be 
suggested. The discrepancies between the readings of the same lines 
at different times ore so great that a few outstanding lines are only to 
be expected. 

It now remains for future observers to determine by direct oom- 
poriaons whether the coincidences suggested are real, or merely 
accidental approximations. 

VII. The Norwegian Ohservationa. 

The Report of the Norwegian Polar Station at Bossokop in Alton, 
in connexion with the International Polar Investigation (1882-83), 
gives the results of a few interesting observations of the aurora 
spectrum. Herr Krafft states that in general only tlie characteristic 
aurora lino (558) is soon, oven in strong anrorm. The red line 
occasionally appears very conspicuously, but only in flashes. 

The wave-lengths obtained for the aurora lino were 5595, 5586, 
and 5587. Unlike most observations, those placo the aurora line on 
the less refrangible side of the manganese fluting. Hence, we have 
an additional reason for neglecting the difference between the wave- 
length of the brightest edge of the manganese fluting, and the 
commonly accepted wave-length of the aurora line, as given by 
Angstrom. 

On account of the rapid flashing-up and disappearance of the red 
line only one measurement could be made, and tliu wave-length 
obtained was 6205. If this reading be reduced in the same propor- 
tion as those of the green lino, a wave-length is obtained which 
agrees almost perfectly with that of the brightest edge of the iron 
fluting.* 

These observations aro the latest which have been published, and 
were obviously made with a full knowledge of all previous work, so 
that their importance must be strongly insisted upon. 

It is fair to assume that the red line is due to iron, because we know 
that the effect of a slight increase in the intensity of the discharge 
which produces an aurora in which only the tnanganeso fluting is 
visible would bo to bring out the iron vapour. Hence in an aurora 
in which the green line is constant, and the red lino is only inter- 
mittently visible, there must be a discharge in which there are sudden 
fluctuations in intensity, and a simple cause of the reddening ot the 
aurora is now before us. 

VIII. The Spectrum of Lightning, 

li the origin of the auroral spectrum is really that which 1 have 
assigned to it, in lightning in which the electric action is feeble we 

* Theie observotioxu were not available to me before the preceding maps were 
made, so that the iron fluting has been omitted from them. 
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ought to again meet with some of the lines indicating higher 
temperatures. 

Dr. Schuster made a series of obserrations on tho spectram of 
lightning in Colorado in 1878. Tho region of tho spectrum dealt 
with extended from wave-length 500 to 580, and the following lines 
were observed : — 

659*2 
633*4 
51 8-2 
516*0 

There can be little doubt that the first line on tho list is the 
remnant of tho manganese fluting at 558, the same as seen in auroras. 
The second is in all probability the thallium line at wavG-lcngth 535^ 
the third is probably b (518*3), and tho fourth tho edge of tho carbon 
fluting at 51G. 

The lines at 559*2 and 516 were only seen on one occasion. 

Those obsorvaiions are of very great importance, inasmuch as they 
appear to indicate that the difleronco between tho spectrum of 
feeble or diffused lightning and tho speotrum of aurora is due to a 
differeuce of temperature only. 

Not only can we thns tiiico the difference in tho spectrum as we 
pass from aurora to lightning, but just as we can trnco tho effects 
of gradually increasing tempemtures on the spectrum of aurora, we 
can trace tho changes duo to vanations in tho intensities of lightning 
disohargos, us I hhall now proceed to indicate. 

Tho spectrum of lightning os observed by Schuster in Colorado 
was obviously one produced by a comparatively feeble discharge. It 
differs from what may be conveniently called a 'Miigh- temperature 
aurora" only in having Mg 500 replaced by b. It is important to 
note, however, that tho difference in the number of lines often seen 
in aurone and in lightning is in all probability due to the fleeting 
character of the latter. 

As we pass to tho spectrum of such a discharge os Vogel observed 
in September, 1871, the 500 line of nitrogen makes its appearance, 
and Mu 558 disappears. Vogel's complete list of lines* is as follows : — 

6341 

618*4 

500*2 

486*0 

467 3 1 band, 
to 468*3 J 

The bond seen by Vogel was in all probability the carbon band 
* PoggendorfPs *Annalei],' vol. 143, p. 664. 
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which is soon in the “ brtyjfbt-line stars," and it appears to be the 
most visible of the carbon bands fi*om the same reason in both cases, 
namely, the absence of continuous spectrum in the blue. 

The last stage in the spectrum of lightning seems to be that in 
which the brightest lines in the spectrum consist entirely of lines of 
nitrogen. Such a spectrum has been observed by Col. John Hersohel, 
the following lines being recorded : — 

^ 6697 

500*9 
463*6 

'J'heso are the throe strongest lines of nitrogen, the wave-lengths of 
which, according to Thal4n, are — 

500*61 

600*2/ ” 

463*1 

Wo have, therefore, an almost complete sequence of eleoirical dis- 
charges through our atmosphere, from discharges so feeble that we 
only see the 500 fluting of magnesium, or the 1st fluting of manga- 
nese in their spectra, to those in which the brightest lines of nitrogen, 
characteristic of intense discharges, are the brightest lines visible. 
It is important to note that in the latter case we have to deal with 
discharges through tho lower and denser portions of the atmosphere. 
The conditions of the two extreme cases are therefuro very different, 
and the speotra differ accordingly. In one case the discharges pass 
through rarefied air charged with meteoric dust, whilst in the other 
they pass through dense air which is comparatively free from such 
dust. 

In experiments with laige air vacuum-tubes the lines of nitrogen 
are never seen, and it is extremely improbable, therefore, that they 
would occur in weak discharges through a space which is much loss 
confined. Hence, when the line at 500 is seen in conjunction with 
the fluting of manganese, it is in all probability due to magnesium 
and not to nitrogen. 

The forked lightning discharge can be imitated by a jar spark, or 
by the spark from an electrical machine, and the brightest lines in 
the spectra, as we have seen, are identical. 

Fig. 20 shows the various spectra of air charged with meteoric 
dust when illuminated by electrical disohaiges of gradually increasing 
intensities. The lowest temporaturo of all gives the Mn fluting at 
558. With the first increase in intensity the iron fluting (615) is at 
times momentarily added, then magnesium, lead, thallium, and carbon 
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until there is a complete spectrum. The next stage of increasing 
intensity is that observed by Sohuster in which magnesium is repre* 
sented by h. Then comes Vogel’s spoctmm, entirely without man- 
ganese, but with 6, T1 (535), H (F, 486), G band (468 — 474), and 
N(500). Schuster did not make observations beyond 500, so that the 
continuity in that region is apparently broken. Tt is possible that the 
broad hand in the blue observed by Vogel was the group of nitrogen 
linos, the brightest of which is at 463 ; but in that case it is difficult 
to understand why a decided maximum was not recorded. Finally, 
we have the spectrum observed by Col. Horschel, in which those 
nitrogen lines appear brighter than all the rest, exactly as they 
appear in an intense spark discharge in our laboratories. 

The question will probably arise in some minds how it is that if we 
assume that the luminosity of nebulm and aurorsB both proceed from 
meteoric dust, that in the case of the nebuloe we have to deal chiefly 
with the magnesium fluting at 500, whereas in the case of the auroras 
the line most constantly seen by itself is the manganese line at 558 ? 
The importance of this question becomes evident when we remember 
that the line 558 is seen for hours without the interference of any 
other line whatever, and seen under conditions which indicate that 
the higher reaches of the atmosphere are so full of the glowing stuff 
which produces the line that the light is sufficiently intense to be 
reflected by the particles lower down. It may be that in this difference 
wo have an important piece of evidence regarding the origin of the 
luminosity in the two cases in question. 

In the case of the nebulm, the light of which 1 have attributed to 
collisions, it is obvious that the collisions which produce the lowest 
temperature will always be greatest in nnmbor, that is to say, there 
will be more grazes than smashes. In any case, however, wliero the 
luminosity is produced in this way there will be sufficient tempera- 
ture brought about by impacts to volatilise the constituents of the 
meteorites. Considering meteorites merely from what wo know 
about their composition from those which have fallen on the earth, 
we must aasume that the largest constituent of meteorites is olivine. 

Where, therefore, we are dealing with collisions merely, we should 
expect to get the spectrum of olivine produced say 10,000 times, while 
the spectrum of the other substances would only be produced once in 
oonsefjuenco of more extensive collisions. But when we pass from 
the nebulas to the meteoric dust in our air we are no longer dealing 
with collisionif; we are dealing with luminosity brought about by 
oleotrical disoharges ; and it requires no long argument to show that 
these electric discharges would be more likely to travel along and to 
render luminous the metallio constituents of the dust rather than 
the silicates of magnesium or of any other metal. 

In this way, then, we should expect to get electrically exhibited the 
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Bpectram of the sabntanoes in the iron dunt which came out under the^ 
lowest conditions of electrical excitation. 1 have previously shown that 
under these circumstances what we do get is invariably the spectrum 
of manganese with its first fluting at 558, and that long before the 
spectrum of iron itself is soon. 

Should this lino uf argument be accepted, we have in it an addi- 
tional proof of the suggestion that the luminosity of nebulee is really 
due in groat part to callisions, not to electrical excitation of any kind 
in the first instance. 

I til ink it will be granted after what has preceded, that there is 
strong evidence of an intimate relation between the spectrum of the 
aurora and the spectra of meteorites and metcor-s warms. Certainly 
the coincidence is such as to justify us in regarding meteoric dust 
as the origin of the spectrum until a better and more probable origin 
is demonstrated. 

How this view will meet the periodicity and geographical distribu- 
tion of auroreo remains to bo investigated; the question may bo asked 
whether the earth sometimes meets greater quantities of aaroi*a- 
prodneing matter revolving round the sun than at other times, and 
whether in this way the periodicity may bo explained. 


IX. The Aurora and the Zodiacal Light. 

Since the shooting star ignition level lies between 75 and 50 miles 
in height, and auroroo have been seen at heights of over 100 miles, it 
seems piobablo that the matter which reaches the earth from space 
is in the main of three dog^iiGS of fin on ess, and gives ovidenfee 
of its existence at throe different heights, the finest furnishing 
materials lor auroral displays at heights I’coching to 1^10 miles,* the 
mean tineticsBes igniting at a height of 75 miles, and giving rise to 
the appearance of fulling sta^s, till a lioight of 50 miles is reached, 
when it is all consumed; and the coarsest of all, which at times reach 
the surface itself as meteoric irons or stones. 

An additional argument in favour of the meteorio theory of the 

• Capron and Herschel, “ On the Auroral Ueam of Novombor 17, 1882 " (‘ Phil. 
Mag Majr, 1883;. Prole^Bur llenchel, from moosureinenU made 18C3-67, deter- 
mined the height of long white stationary auroral archce to be close upon 100 
miles. 

Herr SophuB TroinhoU (* Nature,' toI. 27, p. 304) gives 90 miles, and Baron 
Nordensk.ttld CSciontiflo Work of the “ Vega*' Expedition/ Part I, p, 401-450), 
gives 116 luiUs. 

Professor Uerschol has aho referred to measurements of auroral arohos by Dr. 
Dalton (*Plnl. Trans./ 1828, p. 291), who found 100 miles. Professor Potter's 
determinations (* Cambridge Phil. Tmns./ 1845) of the lieights of auroral arahes 
observed in September and Ootohor, 1833, ranged, on the other hand, between 65 
and 86 miles. 
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aurora is furnished by other phenomena, which sometimes accompany 
them. 

During the groat aurora of January, 1831 (Poggondurff*s * Annalen ’ 
of that year), a bright yellow streak was seen to rise with common 
cloud velocity, forming an arch from west to oast, becoming invisible 
in the west by the time it had reached the east. 

During the same aurora Professor Hischoff, at Burgbrohl, saw a 
moving cloud, as bright as the Milky Way, pass from cast to west in 
five minutes. 

During another aurora, December, 1870, Professor ttudbei’g, of 
Upsala, saw a very bright patch, of double the dimensions of the 
moon’s disk, moving with great velocity behind the auroral beams. 

On November 2, 1871, Dr. Groncman saw a strange, fcather-like, 
brilliant arch, striped parallel to its well-definod sides, and changing 
its curve during its visibility of two hours’ ilumtion. Dr, Vogel 
determined the auroral character of its spectrum.* 

On May 17, 1875, Mr. Lofroy (Freernantlo, Western Australia) 
describes a similar feather-1 iko appearance, which he considered to be 
converging streams of infinitely minute particles of matter passing 
through space at a distance from the earth less than that of the moon, 
and at which the earth's aerial envelope may still have a density suffi- 
cient, by its reHistanco, to give to cosmic dust passing through it with 
planetary velocity that slight illumination which it possesses. f 

On November 17, 1882, however, was seen the most remarkable 
display of this nature in the middle of an intense aurora then visible. 
Again tbe appears ncu was feathor-like, again the spectrum was aurunil, 
but the strange object moved across the sky, at a height of 133 miles, 
as determined by Capron and Herschcl, and with a planetary velocity 
of between 10 and 15 miles a second ! 

Dr. Groneman did not hositate at the lime to look upon it as a moss 
of meteoric dust traversing the higher reaches of our air, and 
regarded it as a strong confirmation of the view which ho hud rosusci- 
tatadjJ a conclusion in which 1 concur. 

The above results also strengthen the view that tlie aurora is very 
similar in some respects to the zodiacal light. Such a connexion is 
indicated by the fact that when we have greatest number of aurores, 
in spring and autumn, the zodiacal light is also best visible. The 
spectroscopic observations of Angsti*dm and Respighi show that the 
spectrum of the zodiacal light consists of the characteristic line of the 
aurora and a short continuous spectrum, and thus furnish farther 
evidence of the connexion suggested. The observations of Wright 
and others, showing that the spectrum is continuous, are not at 

• ‘ Nature,' vol. 27, p. 297. 
t * Nature,* vol. 12, p. 380. 
t * Nature,* vol. 27, p. 296, 
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variance with Angstrdm'a observation, for we should expect the 
spectram to be somewhat variable.* It is probable that the observa- 
tions showing nothing but continuous spectrum were made when the 
temperature was only sufficient to render the meteoric partiolos red 
hot. That the zodiacal light does consist of solid particles, or at all 
events of particles capable of reflecting light, is shown by the 
polar iscope. 

No one has ever gone so far as to suggest that the zodiacal light is 
an atmospheric phenomenon, and yet the principal line in its spectrum 
is identical with that in the specirum of the aurora. Wo have, there- 
fore, an additional reason, if one bo required, for discarding any 
atmospheric origin which has been suggested for the auroral spectrum. 

Paut II. — Fallen Dust. 

We have now complete evidence of the existence of meteoric dust 
in the atmosphere, first, from the known number of meteorites which 
enter the atmosphere, and secondly, from the spectroscopic observa- 
tions of an rone. This dust will finally reach the earth’s surface, and 
it is exceedingly interesting to trace its subsoquont history as far as 
possible. 

The detection of such dust which falls on the general surface of the 
earth is almost hopeless, but that which falls on the sea will have a 
chance of accumulating where the water is quietest. The researches 
of Messrs. Murray and Bonardf during the “ Challenger Expedition 
seem to indicate that such an accumulation really takes place. 

An examination of the doep-soa deposits collected during the expe- 
dition has led them to believe that certain small “magnetic spherules " 
are totally unlike particles of iron derived from basaltic rocks or from 
furnaces, and that their origin is pit>bably meteoritic. In addition to 
these, great numbers of the so-called “manganese nodules*' were 
found in the red muds from deep-sea bottoms. Messrs. Murray and 
Benard incline to the belief that these owe their origin chiefly to the 
decomposition of volcanic rocks, but my own rosoarches seem to show 
that they may he at least partly formed by the accumulation of altered 
meteoric dust. 

An analysis of one of these nodules by Professor Benard (* “ Chal- 
lenger” Bieport, Narrative,’ vol. 1, Part 11, p. 104B), gives the follow- 
ing 


* Since the above was written I have received a letter from Mr. T. Sherman, 
atating that he has reason to believe that the appearance of the 668 line in the 
sodiacal light has a regular period. 

t ** On the Microsoopio Characters of Volcanic Ashes and Cosmic Dust, and 
their Distribution in Deep-sea Deposits," ‘ Edinb. Boy. Soc. Proo.' and * Nature/ 
vol. 29, p. 686. 
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Water (HjO) 9 51 

Silica (SiO,) 19 34 

Lime (CaO) 3*19 

Alamina (AISO 3 ) <3*36 

Ferric oxide (FejOg) 26*70 

Magnesia (MgO) • 1*79 

Oxide of manganese (MnO) 26*46 

„ nickel (NiO) 1*82 

Oxygon 0*31 


101*48 

The specimen examined was from Station 276, 2350 fathoms. South 
Pacific. 

I hare observed the spectra of some of the nodules, which wore 
kindly placed at my disposal by Mr. Murray. 

In the oxy-ooal-gas fiame, lines of Na, Tl, Li, K, Mn, and Fe are 
seen. Tho brightness and persistence of the thallium lino at 535 is 
very remarkable, and is especially interesting since the line is soon in 
the auroia and in one or two meteorites. The red line of lithium, 
which is seen in many of the meteoric flames, is also bright in the 
spectrum of the nodules. The manganese fluting at 558, the one 
coincident with the chief line of tho aurora, is also seen in the 
spectrum of the nodules, but it is not nearly so bright as tho thallium 
line. The iron lines are very faint. As might be expected, from the 
association with sea-water, the lines of sodium and potassium are 
very bright. A photograph of the flame spectrum shows lines of 
manganese, and some of the strongest violet lines of iron. 

When some fragments of the nodules are placed along an end-on 
vacuum-tube and tho spark passed, flntings of carbon and lines of 
hydrogen appear, almost exactly as they do when meteorites are 
subjected to the same treatment. When the tube is made red hoi, 
the thallium line becomes very bright, and also tho yellow and green 
lines of sodium. 

It will be seen that tho spectra of the nodules are somewhat differ- 
ent from those of meteorites, chiefly in the relative intensities of the 
lines, but the difference can probably bo explained by considering the 
effect of sea- water. 1 have tho authority of my friend Professor 
Thorpe for stating that thallium and manganese would bo the most 
likely of the meteoric constituonts to form insoluble compounds, and 
hence these are what we should expect to find in deep-sea accumula- 
tions of meteoric dust. The spectroscopic observations therefore 
seem to show that it is not improbable that the manganese nodules 
owe their origin, in some part at least, to meteoric dust. 

At the suggestion of Professor Renard I separated some of the iron 
spherules from the nodules by dissolving in dilute hydrochloric aoid» 
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and pnRslng a magnet through the insoluble residue. In the oxy-coal- 
gos dame the spectrum of the spherules consisted of linos of iron, 
sodium, and potassium, and the flutings of manganese, but there was 
absolutely no trace of thallium. The other portion of the residue, 
however, gave the thallium line as bright as the nodules themselves. 
The solution, when ovapomtod to dryness, gave no indications of 
thfillium. 

If we are justified in regarding the partly meteoric origin of the 
nodules as established, the excess of thallium shows that each nodule 
represents a very considerable quantity of mobwic dust, since there 
is only a comparatively small proportion of ilmlHum in meteorites. 
This further suggests that an enormous quantity of meteoric dust 
passes through our atmosphere, especially as that which falls on the 
sea only represents a portion of the total amount. 


III. “ SUGGESTIONS ON THE ORIGIN OF BINARY AND 
MULTIPLE SYSTEMS.'' 

In connexion with the explanation of the variability of the bodies 
of GiH)up IT, which 1 suggested in the Bokerian Lecture for the last 
year, I indicated that in the absence of spectroscopic details, the 
colours of tbo components of double stars might enable us to deter- 
mlno whether both have condensed from double or multiple nebulee, 
or whether the companions are later additions to the systems. 1 also 
referred to some difficulties in the discussion. 

On further consideration some of the difficulties have disappeared, 
and 1 now propose to return to the subject, limiting myself for 
greater simplicity to binary systems. 

For this purpose it is necessary to begin by stating briefly what we 
know relating to the colours of the different groups of celestial bodies, 
adopting the classification which I suggested in the Bakerian 
Lecture. 

I. Ooiow Theno^nena, 

As far as wo at present know, the colours associated with the 
different groaps of celestial bodies are in all probability as follows : — 


Group I. .... . Blue, greenish blue, white, or pale grey. 

Group II Yellowish red. 

Group III Yellow to greenish white. 

Group IV Bluish white. 

Group V Greenish white to yellow. 

Group VI Reddish yellow to blood red. 

Group VII Dark or nearly dark bodies. 
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The blue colonr of some of the more ndvanood metnbors of 
Group I, which are all fainfc, is probably duo to tho bright blue 
fluting of carbon which stands out beyond the end of tho continuous 
spectrum. They are really blue, and not apparently so because of 
any absorption of the red. Timt in the case of double stars this 
colour is not duo to optical causes or complementary colours is shown 
b}' the fact that there are some equally faint stars wltich are seen to 
be red under similar contrast, and instrumental, conditions. 

Fochiilo has observed the spectrum of one faint blue star, and his 
observation bears out my view of their nature. Ho says : — 

** IT)' an Nord do cetto £toilo je ti*ouve uno otoilo tio 7*"*, 

qui a un spectra tr^s singulier ui du HI ni du IV type- La 
partio moins refrangible du spectre n'est qu'lndistincteincnt coiipeo 
ct un pen plus lumineuso du edte du rouge. Apr^ un largo intervalle 
notr vient une zone ^troite d'un eclat tont'^-fait predominant qui 
s’6toint rapid omen t du e6t6 plus refrangible, ot forme la Bn du 
spectre. La couleur de I'etoilo est bloudire." (Pcchule, 'Expedition 
Danoise,* 1882, p. 40.) 

The green colour of the unadvancod membera of Group 1 is pro- 
bably duo to the magnesium radiation; thus, tho Bing Nebula in 
Lyra is green, and we Bud that its radiation consists almost entirely 
of the magnesium fluting at wave-length 500. Tho bodies in the 
same group which are white, or pale grey, in all probability add the 
radiation of carbon and incandescent meteorites to the foregoing. 
How far spectroscopic observations made with the assistance of large 
telescopes will confirm these views or prove them to lie erroneous 
remains to bo seen ; for the present, howevtw, we may take tho 
colours associated with bodies in Group I as I have stated them. 

The colours which I have associated with Groups II and VI are 
those given by Dnn6r. 

Tho prevailing tints in bodies of Groups III and V are white, 
yellow and omnge, so that when wo see a yellow star we cannot say 
from colour alone what group it belongs to. 

Tho later species of Gi^oup III will be white and greenish white, 
the latter being the most advanced. With a further increase of 
temperature, stars of Group IV are formed, the colour becoming 
bluish white owing to the increase of blue light. After this the 
temperature begins to fall. The first species of Group V will also 
be greenish white on account of the reduction of blue light, and tho 
next species will be white. After this, the variouB species of the 
group will vary fi*om yellowish white to orange. 

The stars of Group IV, a Lyree, and Sirius being tho most brilliant 
types, are bluish white. 

The bodies of Group VII have little or no inherent luminosity. 
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II. Oeneral Statftment of OanditionB, 

In diflcuBBinf^ the qneHtion whether the componente of a binaiy 
gtar have condenBod from the same nebnlositj or not, a difficnltj arises 
on account of the fact that, according to my theory of their constitu- 
tion, there will be no constant relation between the mass of a swarm 
and its brightness. When wo see a ** star ” of a certain magnitude, 
we cannot toll from its briglitncss alone whether it is a large faint 
ono or a small bright one ; for a large body at a low temperature may 
be equalled, or even excelled in brightnoss, by a smaller body at a 
higher temperature. But when wo know the spectra of the bodies, 
wo also know their relative temperatures. In the absence of spectro- 
scopic details, colour helps us to a certain extent, as I have shown. 

If a pair of stars of unequal masses have condensed from a doable 
nebula, the smaller ono will bo further advanced along the tempera- 
ture curve than the larger one ; the colours and spectra will be 
different, but it U not iwpfirafive that the magnitudes shall he unequal. 
The smaller swarm, because it must be in more rapid movement romtd 
the common centre of gravity, will suffer more quasi-tidal action 
and therefore colUsions per unit volume ; it will therefore condense 
more rapidly than the larger one ; it will soon become as luminous, 
and afterwards will for a time be considerably hotter than the larger 
ono. 

If the mosses be very unequal, tbo smaller one will have the smaller 
, magnitude for a longer time. When there is a great difference in 
magnitude, therefore, it is fair to assume that the one with the 
smaller magnitude has also the smaller mass. 

Another difficulty in Uio discussion, in tbo absence of spectroscopio 
details, is due to the similarity in colour of bodies at equal heights on 
tbo opposite sides of the tc^mporature curve. Thus, as already stated, 
bodies in Group III have, as far as we at present know, exactly the 
same colour, namely, yellow, as those in Group V. Again, many 
of the members of Group II have the same colour as some in 
Group VI. 

The general conditions with regard to this subject may be thus 
briefly stated: — If the magnitudes^ colour, and spectra of the two 
oompononta of a physical doable are identical, both had their origin 
in the same nebulosity with two condensations, or in a doable nebula. 

If the magnitudes are nearly equals but the colours and spectra 
different, it may be that the one with tbo most advanced spectrum has 
the smaller mass, and if the advance is in due proportion, wo are 
justified in regarding them as having had a common origin. 

If the magnitudes are very unequal, we may take the one with the 
smaller magnitude as having the smaller mass, and if it is propor- 
tionately in advance, as indicated by its spectrum, or colour, we may 
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i*egard both oomponents w having had a common oxiginr If tha 
smallair one be leas advanced than the larger one, we have to regard it 
aa a late addition to the ayatem. 

If the two atora are of equal mass and revolve round their oommoit 
centre of gravity they have in all probability done ao from the nebn^ 
loos stage, and therefore they will have arrived at the same stage 
along the evolntion road, and their colours and spectra will be 
identical. 

If houmefi the masses oflre very differerU^ then the smaller mass will 
run through its changes at a much greater rate than the larger oue. 
In this way it is possible that the stars seen so frequently assuoiatod 
with globular nobulfls may be explained ; while the nebula with a larger 
mass remains still in the nebulous condition, the smaller one may be 
advanced to any point, and may indeed even be totally invinible 
(Group Vll), while the parent nebula is still a nebula. This condition 
may be stated most generally by pointing to those double stars in 
which the companions are small and red, although we know nothing 
for certain with regard to their masses. But if we pass to the other 
categoiy in which it may be suggested that the companion is added 
afterwards, the most extreme form would be a nebula revolving 
round a completely tbtmed slar, like an enormous comet ronnd the 
sun ; a less extreme form \> Quid be a bright line star, or a star of the 
second group, I'evolving round one of a higher group. In this case 
the colour would be blue or grcenish*bluo or grey. 

HI. Light Curves, 

I find that the best way of dealing with this question is to represent 
the life of each component by a curve, in which the ordinates repre- 
sent time and the “ magnitude ” of the starr Then, if the colours and 
magnitudes are consistent with the curves beginning at the same 
point, we are justified in I'egnrding both as having condensiMl from 
the same nebnlosity. If not, in all probability the companion would 
be a later addition. 

The form of the light curve, which represents Uio effect of increase 
and decrease of temperature, will probably be somethmg like fig. 21. 
We should expect the curve to be somewhat similar to the light curves 
of the regular variables of Group II, whore the increase in luminosity 
is due to the collision of two meteor-swarms. Here there is a rapid 
rise to maximum, and a steadier fall to minimum. This is confirmed 
by the fact that there is apparently a greater number of stars of 
GiH>ap V than of Group HI, though on this point 1 cannot yet speak 
with %ny certainty. If this should turn out to be so, the fact would 
appear to indicate that the time of cxislence of a body as a star of 
Group V is probably longer than the time daring which it exists os a 
condoDsed meteor-swarm under the conditions of Group IIL During 

VOL. XLV. 8 
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Vie, 21. — Light curve of a meteor-sirarm during the rarious afcages of condensation. 
The numbers represent the speotrosoopio groups, 1 being the least condensed, 
and Vll the most condensed. 


its existence as an nnoondonsod swarm, howerer, the increase of 
luminosity of the swarm wilt be very steady; hence there will first of 
all bo a gradual increase of luminosity ; this will be followed by a 
rapid rise to maximum, and afterwards a steady fall, until finally all 
luminosity disappears. 

The light ourves being of this form, if we begin with two uncon- 
densed swarms of equal masses and conditions, the curve for each will 
be the same iu length and in the point of maximum luminosity. It 
will bo a nock and neck raoe, and we shall have equal brilliauoy, 
similar colour and spectrum throughout. Such stars 1 call Class I. 

lY. Binary Stors, Class 1 . — Eqwd Magnitudes and Similar Oolowrs {not 

Yellow), 

The first question is: Are there any such stars, for from the 
existence of so many nearly equal doable nebules iu the heavens we 
should expect a large number. 

For the purpose of this inquiry I have used the Bedford Catalogue,* 
and have limited myself to the stars which afford the strongest 
evidence of being binary systems. In the absence of any speotro- 
Boopic survey of such systems, 1 am forced to content myself with 
similar or nearly similar colours. 

The following is a list of the binary stars given by Smyth, in whioh 
the magoitudoB and colours of the components are almost identical. 
1 except for the present those in which both oomponents are yellow 
for a reason before stated. 

In these cases the two curves representing the lives of the com- 
ponents will be identical, or nearly so, and will be as iu fig. 21. One of 
the oomponents may have a somewhat smaller mass, and, therefore, a 
shorter time of existence, as a seif-luminous body, than the other, 
but the maguitudes and colours may still bo nearly equal, or suflCi- 


* ' A Gjrdo of CelMtis] Objooti,’ Smyth and Ohunben ; 2nd edition, 1881. 
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olenily ao for my preaeni purpose iu tlio present state of our know- 
ledge:— 

Table 1. — Binary Sijirs, Class 1. 



3S FiRoium 

181 F. O. Cassiopeiffi 

128 Fisoium ...... . . . . . 

200 F. I. Fiwium 

a Fiscium 

259 ii Andromedie. ...... 

c Aruitis 

7 Tauri .............. . . 

82 Orionia 

301 P. T1 tijnois.. 

Ilu4 i Fuppia. 

a Gkminorum 

170 P. Vll CanU Minona 

4 Caiicri 

157 B. Lyncia 

229 P. X Loonia 

I UraeD Majoria 

1606 2 Can. Venatico 

y Tirginia 

1678 2 Virginia 

127 P. Xlll Virgmia .. .< 
238 P XIII Virfrinia .• .< 
B. Bootia. 


44 Dootia 

1 B. Corona; Borealia 
f| Coronao Boroolia . . 


108 P. XIX PniCoiuB 


2744 f Aqnarii 
29 B. Pegaai.. 
K Cepliei . . . . • 
148 B. Pegaai. 


8 Light yellow . . 
S\ Fluahed white,. 

8^ Vollowiah 

7t White 

6 White 

8 White 

6^ Pale yellow .... 
6| White 

7 Bright white... 

6k White 

9 White 

3| Bright white . • . 

8 White 

7 WhHe 

8 White 

8 White ........ 

5| KiibOuod white. 

7i White 

4 Silvery white. . . 
7i Very white .... 

9 Pale white .... 

8| W^hite 

9 White ».»»•».. 
4| Blight white... 

6 Pale white 

6| Vorv white . . , • 

6| Whao 

8 1 Greoniah white. 

7| Pale white 

9 White 

41 White 

6 Pale white 

7| Silvery white. . . 

bk While 

9 Wliito 

6 Bluish 

7k White 

8 White 

7 Bluish 

8i White 

41 Very white .... 
7t White 

8 Yellow 

8| Flushed 


Flushed white. 
White. 

Pale white. 
White. 

White. 

White, 

White. 

Pale yellow. 
Pale white. 
White. 

White. 

Pale white. 

Aah-eolourcd. 

Yellow. 

White. 

White. 

Greyish white. 
White. 

Pale yellow. 
Yellow white. 
Yellowish. 
White. 

White, 

Bright white. 
Lucid grey. 
Very white. 
Golden yellow 
Orceniah white. 
Yellowish. 
White. 

White. 

Pale white. 

Pale white. 
White. 

White. 

Bluish. 

White. 

Wliito. 

Bluish. 

White. 

White. 

White. 

Flushed white. 
Flushed, 


y. Binary Stars, Class 2. — Equal Magnitudes and Similar Colours 

{Ydlow)» 

The following list oontains those binary stars in which both com* 

* These ooloura are as giren by Pawea. 
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ponents are yellow and of nearly equal magnitudes. If both com* 
ponents shall be found to have identical spectra, thus placing them in 
tho same group, a point which their colour leaves indeterminate, 
their “ life curves ” will be coincident. If one is found to belong 
to Group IIT, however, nnd the other to Group V, they can still be 
represented by two ourves beginning at tho same point, hut with the 
ascending side of one intersecting the descending side of tho other 
as in fig. 22. The places occupied by the stars are indicated by dots ; 
the portions of the ourves to the left of the dots represent the stages 
already passed tht*ough, those to the right tho stages still to be gone 
through. This also applies to tho diagrams which follow. In the 


Fro. 22 . — The light ourves of the two romponenU of a binary star, in which both 
components are yellow, and of equal or nearly equal magnitudes. 

former case tho masses of tho two com pen on ts would evidently bo 
equal, or nearly so, while in tho latter case, ouo would be considerably 
larger than the other. Hence, in all cases where the components are 
yellow and of nearly eqnal magnitudes, wu are justified in regarding 
them as having possibly condensed from the same nebulosity. 


Table IT. — Binary Stars, Clnss 2. 


SinytirH 

Ao. 

Name. 

Motfni- 

tiidod. 

Cidoiin. 

8 

816 B. Cophoi 

6* 

7 

Yellow 

Deeper yellow. 

12 

818 B. Cephai 

7 


Yellow 

YellowJBli white. 

46 

36 Andromedw 

6 

Bnght oruiige. . 

Yellow. 

487 

148 P. in Puppu 

6 

6 

Topas tinted . . . 

Topax tinted. 

524 

^ Confiri 

6 

7 

Orange tint. 
Kami yellow. 

689 

9 P. XI beoms 

7t 

7t 

Faint yellow . . . 

690 

1516 S Dramnia 

7* 

8 

VAllnwieh 

Ashy yellow. 

Pale yellow. 

895 

42 ConuD Beroiiici* ..... 

5 

Pale yellow, . . . 

981 

a Centauri 

1 

2 

Yellow 

Yellow. 

1468 


5t 

7 

6 

Yellow 

Y eUow, 

1483 

20Bf^gaiii 

7 

Yellowiah 

Yellowish. 

1598 

87 B. Andromeda 

6 

6 

YellowUh ... 

Yellowish. 
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VI. IHnai’y iS7«rj», Class — Equal or Ntathf Equal Magnitudes^ one 
Star being Itliie, 

Thom is a considerable number of binary stars in which the maf^nl- 
tiides of the components do not differ very much, but where one star 
is blue. If wo take these blue stars as belouginpf to Group I 
we shell have an average case represented by tig. 'Jd, both curves 
starting at the same point. From this |)oint of view th j conipiinion 
which has the smaller magnitude has tlie greater nmss, and the 
aystom is young. 


Fia. 23. — Light curves of the components of a binary star of Class 3, in which both 
components have equal or nearly equal magnitudes, one being blue. 

If these curves are a fair representation of binary stars of this 
class, it is clear that wo ought to find tbo primaries in every case, 
white with a tendency to yellow. This is a sevoro test, but yet on 
referring to the following tabic, which is a list of such binary stars, 
it will be seen that theiv is not a single case in which the primary 
IS not white or yellow ; — 

Tabic III. — Biimiy Stars, Class II. 




1 

‘ I, Cassiol>cia). ..... 

.... 7 

8 

VcHowi^h whitr 

Bluish. 

21 

49 Piscium 

7 

104 

Whito 

Blue. 

2i 

51 Piscium 

61 

0 

IVarl white .... 

Lilac. 

50 

251 Pisciuni 

8 

0 

Pale orange .... 

I’lear blue. 

63 

120 

15<» 

C Pisoium 

6 

61 

8 

34 

34 

While 

Yellow 

Palo groy. 
Pale grey, 
bight blue. 

33 ilneHs 

!.!!! «4 

Pale t-opiiz .... 

202 

93 Kndum 

64 

i) 

Yellow 

Plum colour 

433 

14 Lynns 

j •">1 

7 

Golden ytdlna . 

Puqile. 

442 

33 Geniinoruni 

1 B4 

8 

Light yellow'. , 

Purple. 

607 

5 Fuppi)* 

1 74 

9 

Palo yelh^w , . . 

Light blue. 

696 

w Leimis . 

'64 

n 

Pule jollow ,, . 

Oreenish. 

671 

54 Th'Oiuh 

n 

7 

WhitHS 

tJwy. 

700 

1 Ix'oms 

4 

71 

Pale ^rllow , , , 

Light blue. 

722 

17 CraU'ris ........ 

54 

7 

Lucid wlntc. . . 

Violet tiiil. 
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Table IH — cottfimH'fL 



Namtk. 


Magni* 

iiulod 


Coloun 


H22 

oa» 
971 
995 
lOHl 
1101 
1132 
1210 
1229 
1441 
1498 
1522 
1524 
1528 
1531 
I 1586 


25 Ciinuiii V piial iuurmn . . 

1785 X U<x>liH 

70 P XIVLibm. 

I { Buolu 

I <r t'oroiiiu Bon^iihi* 

I A Opliiurlit 

I 107 B. llerriilw 

I 70 Opbiuclii 

I 417 B. HvrcuW 

■ 4 Aquani 

f H Cygiii., 

41 Aquaru 

33 P. XXII Pegani ...... 

y Aquarii 

33 Pegaai 

107 Aquarii ............ 


0 

8 

White 

Blue. 1 

7i 

8 

1 White 

Bluuh. 1 

71 

94 

Pale }ellou • . . * 

G^riTnish ' 

H 


Omn^e 

Purple. 1 

G 

61 

Ooiiniy white , 

8iuall blue i 

4 

6 

\ t*how while. . . 

Nunalt blue | 

7 

«i 

Yellow Uli 

Bluish. 1 

41 

7 

Pale topaz 

Violet. 

6 

71 

1 Y'uUow 

Bluish. 

0 

8 

1 l*ale y fUow .... 

Purple. 

5 

6 

White 

Blue 

6 

84 

Topaz }'elluw . . 

Cerulean blue. 

74 

104 

Lucid }’ellow. .. 

Sea green. 

4 

14 

' (Irmitsh tinge . 

Purple. 

64 

10 

Yellowiah 

Blue. 

6 

74 

1 Bright white . . . 

Blue. 


VII. Biliary Star$, Vlwia 4 , — Very Unetiual MugniludeSt the Htnaller 
tibiT heimj liluo. 

The next class to l>e considered is that in wliich the companion ia 
of relati\oly Biuall mugnitud(.% and is Wue> green, or ginsy, the primary 
usually being white or yellow. 

A binaiy star of this class can be equally well explained by starting 
the two curves at Ihestune piunt, or stai ting one later tliaii the other. 
In the former case wo should have to regard the one with the smaller 
magnitude as having tlio greater mass, and the two curves would bo 
as in fig. 24, a. If we take the one with the smaller magnitude as 
baying the smaller mass we shall have the curves as in tig. 21i, b. 


Fiq. 84.*IiigUt ouTTM of the ooiuponeiitii of a binaiy ftor of CUae 4. a lepciMeiite 
the osM on the lueumptiop that both oomponenti oondeaeed from a donblo 
nebula, whibt h repamente the oaee on the oeeumptioa that the companion it a 
oometaiy addition. 

It seems probable, therefore, that we shall never be able to tell 
whether the oomponenta of a binaij star of this class have both con- 
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dtiiiHod from tho stimo tiebuloHiiy or not. ; bnt sinoo the oomponents of 
the inajoritj of birmry stars appear so far to liavo had in all pro- 
bability a roiuuioii origin, there is no reason why wo slnnjld mthor 
regard those ns having had a different one. The following is a list of 
them tuken fivin Smith’s * (Celestial C^ole * • — 


Table TV. —Binary Stars, 4-. 


Snivtira 

No. 

Ntiino. 

Magfii* 

tuiiea 

CulolIlM 

2 

a Aiidroiiu'thit 

2 

11 

WhiXi’ 

Piirplivh 

i) 



u 



1 i 

t i'et 1 

4 

n 

Hnglit felloe .. 

Deep blue. 

Iti 

42 XhflfMUiti 

7 

13 

Tdjjus jellow. . . 

Kiaemld green. 

4S 

u Aiuh'oniiHlw. 

4 

10 

Bright a Into .. 

IhiHky Krey. 

HH 

40 

H 

11 


Pule blue 

118 

f 'Inunguli 

61 

15 

Bright ;ii*llo» . . 

Dusky. 

540 

S ( IruiniH 

2 

7 



440 

59 Auri^ir 

0 

11 

Pull* 3’C‘llow .... 

LimiI. 

4H3 

i Ueniuioriim 

H 

9 

i^tile white 

Purple. 

533 

07 P. VIII Ciiiiori 

0 

13 

IVurl white. . . . 

Violet. 

551 

^ ('luirri. « 

41 

12 

Straw (‘oloureil . 

Blue. 

554 

1 li^drir 

4 

«i 

Palo yellow .... 

Purple. 1 

505 

1 Untie Miijoris 

:U 

XI 

Tojiae yollow . . 

Purple. I 

6G;) 

s’* Untie Mujoriii 

H 

9i 

Fluehrd . 

Sajiphire blue. 

9:i0 

1 Booliit 

0 

10 

Sapphin* blue * 

Binall blue I 

1354 

^ t>gai 

H 1 

9 

Palo ^>cll(»w , . , • 

Sea green. 1 

141^ 

■ Pl'^KHl. 

4 1 

15 

. u 111! p. , , . , 

Purple. j 

1550 

^ Pe^esi 

6 

15 

Pulo jellow ,,, 

Blue. 1 

1507 1 

w Crpliri 

5 

10 

Deep yellow , . , 

Purple. 


VIII, Binary >Va/-s, Cum 5 . — Unequal Maynitudos^ the/uinttir Star 

being lied. 

There are a few binary stars in which tlie companion is red. The 
red component has proluibly a smaller mass than tho primary, and is 
consequently, further advanced along the temperature curve. Fig. 25 


Fig. 25. — Light curres of the oomponente of a binsiy itar of CloH 6, in v»hich the 
compiuiioD ii red end relaliveljr ■nudb 
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rcpreRt»Tits an average case of such a binary star; both curves starting 
at the same point. In this oast*, it will lie smi that the companion 
has almost run through all Its sbiges, wliilst the primary has still 
several stages to pass through. This may bo regarded as a more 
advanced stage of binary stars of Class 2. 

Wo have here again a severe test, for if these curves represent 
anything like the truth, the primaries ought in every case to be 
greenish white, white or yellow. On refeiring to the list it will be 
seen that this condition is satisfied in every case. To make quite 
sure that h Herculis belonged t^o this class of binaries, a special 
I'xaminat'ion of its spectrnni was made at Kensington. This showed 
it to be almost as far advanced along the tempera lure curve as Sirius. 

Only a small number of such binaries has beiui record eil. They 
are as follow : — 


Table V.- - Ilinary Sl^rs, Class r>. 


Sni% til's 

Name. 

So. 

42 

ff Oassiopeiir ............ 

i Ifercuhs 

1157 

1274 

f Lyrte 

1297 

287 P. XVllI Dnu oins .. 

1551 

T Aquarii 


1 tiidpH. 


4 
t 

5 
7 

6 


7J 

Ht 

6* 

8 

n 


CVtlours. 


Yi-llow 

Grerninh white. 

Yrllow 

White 

White 


Ked. 

Grape red. 
Ruildy. 

Palo red. 
Pule garnet. 


IX. Oiitstandintj Ca<ps 

Out of all the binary stars of which ilicre is any record in Smyth's 
‘ Colestial Cycle,’ there are only eiglit which cannot bo included in any 
of tlio five classes which have been iloult wiUi. Fno of Iheso are 
totally indelcrniinato on account of the abHciice of a statement of the 
colours ; they ai’e us follow : — 


Smvth’s 

jJo, 

^auie. 

Mngni- 

fudes. 

Colours. 

22 

X Cassiopoue . 

6 

«* 

Colours 

not stated* 

491 

a Cams Minoris 

H 

• • 

Yellowish white 

• * 

872 

35 Coniw Bcrenieia 

5 

• # 

Pale yellow .... 

Indistinct. 

luTia 

y Coronto Borcahs 

6 

• • 

Flunfied a lute. . 

Unoertain. 

1808 

y Corona AuHtrulis 

6 

6 

t. 1 

# a 


The mviaining three are as follow 


400 X Gemmomni | H 11 < Brilliant white . Yollowinh. 

>Leoni8 <2 4 , Bright orange . . Grt'enish yellow., 

11 H 5 Hereubs 6 I Yellowitith uliito Orange. 




m 
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In the first of these, \ Gemmomm, the companion has probably 
been added since the primary condensed, for wo cannot place the two 
components on curves which begin at the same point. 

With regard to 7 Leonis, there is a difficulty as to what spoctrum 
should be associated with the greenish-yellow component, so for the 
present it cannot be stated whether both havo condensed from tho 
same nebulosity or not. 

We cannot include ^ Uerculia in Glass 2, because tho difference 
between the magnitudes of tho two components is loo groat, but we 
can represent the case by starting tho companion curve a little later 
than the primary curve. We may therefore conclude that we have 
here to deal with an added companion. 


X. Conclusion, 

From the foi'ogoing lists and discussions it will be seen that in 
nearly all cases the components of a binary can be shown with much 
probability to have hod their origin in double nebtilro. There are 
exceedingly few cases in which it seems at all likely that tho com- 
panion is an addition of a cometary nature, and it is possible that 
even these few exceptions may be duo to errors of observation. 

This, then, strengthens the view that in tho case of regular variable 
stars of Group TI we are in presence of the formation of a double star, 
at an early period in its history when the two swarms are at times, 
BO to speak, in contact. When tho variability is not regular we are 
in presence of the formation of a multiple system. 

I cannot «)mit to point out how very admirable the colour observa- 
tions must have been to stand the strain to which the foregoing 
generalisation has subjected them, and that if equal skill Iw now 
applied to observation of the spectra of these bodit's, a <'onsidcrablo 
advance in our knowledge may be looked for. 


In the discussion ineduded in this paper, I have been aided by 
Messrs. Fowler, Gregory, Baxandall, Porter, and Coppen. Mr. 
Fowler made tho observations of the spectrum of the large air 
vacuum tube, and of the spectra of manganese nodules and iron 
spherules. He also classiffcd the binary stars, Mr. Coppen assisting 
him in preparing the tables. 

Mr. Gregory has been responsiblo for preparing the various tablos 
in connexion with cornets and aui^oro. 

Messrs. Baxandall and Porter have prepared most of the maps 
and drawings, for the careful reproduction of which 1 have to thank 
Mr. Collings. 

1 wish, as before, to tender my thanks to them for the unflagging 
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seal and the intelligence with which their part of the work has been 
performed. 1 most alHO specially thank Mr. Fowler for his collabora- 
tion in the preparation of the paper itself, and for aaperrising in part 
the work of the other assistants. 

In connexion with the diagrams, I havo to thank Sergeant Kearney, 
B.E., for reducing the working drawings, and also for preparing the 
lantern slides exhibited during the reading of this paper. 


Presents, January 10, 1889. 
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Janmry 17, 1889, 

Professor G. G. STOKES, D.O.L., President, in the Chair. 

The Presents received wore laid on tho table, and thanks ordered 
for them. 

The following Papers were read i— 

L A Method of detecting dissolved Qiemical Compounds and 
their Combining Proportions." By G. Gore, F.R.S. Re- 
ceived November 14, 1888. 

(Abstract.) 

The method described and illustrated by examples in this research 
is an application of the “ voltaic balance ” to the measarement of the 
amount of voltaic energy of electrolytes (see * Boy. Soc. Proc./ voL 44, 
pp. 151 and 294), and is based upon tho general truth that “ when 
sabstancos chemically combine they lose some of their power of 
exciting a voltaic couple," and the amount of this power can bo 
measured by means of the " voltaic balance." (Sketch.) 

The method is briefly as follows : Oppose and balance the current 
flrom a small voltaic oonple of nnamalgamated sine and platinum in 
a known quantity of distilled water in a small glass vessel through a 
Huflioiently sensitive galvanometer, by that fVom a perfectly similar 
couple, and take care by occasionally heating the platinum to redness, 
to avoid error caused by absorption of hydrogen. 

Dissolve in separate, equal, and known quantities of distilled water 
a series of sevei^ mixtures of the two constituents A and B of the 
supposed compound, in the proportions of their atomic or molocnlHT 
weights, and multiples of them, some having an excess of A, and 
others of B, For instance, if both are monads mix them in the 
several proportions represented by the formal® 5A+4B, 4A-f 4B, 
and 4A+5B; but if A is a monad and B a dyad, then use the 
proportions indicated by 3A+2B, 4A+2B, and 5A-I-2B. 

Add suflioiently minute quantities in succession of one of these 
solutions to the water of one of the voltaic couples until the needles 
of the galvanometer visibly oommenoe to move, and note the amount 
added. Beoharge the vessel with distilled water, clean the metals, 
and repeat the experiment with another of the solutions ; and so on 
until all the solutions have been tried, and the mixture has been 

TOlh XLV< t 
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found of which the largest proportion is required to move the needles, 
that is the one which has the smallest proportion of voltaic energy, 
and which has its constituents chemically united in definite proportion 
by weight without an excess of either ingredient in a chemioidly free 
state. 

The following is an example. The combining proportion is the 
one which gives the smallest amount of voltaic energy, and its 
formula is indicated by a star (*). 

K^SO^+KNOs. 

Arerage. 

Between 1 part in Temp. 1 part in 

KNO, lO.SS.') and 11,350 imrU of water at 2(fC 10,841 


KaS 04 + 100 KNO: 

168 „ 

182 


m 


66 „ 

60 

18 

67 

2E«804-f4KNO/. 

50 „ 

64 


52 

2 K^I 04 + 8 KN 03 .. 

66 „ 

64 


61 

IOOESSO 4 + KNO 3 ... 

870 „ 

976 

20 

922 

KaS 04 

2 .iaa „ 

2,306 

12 

2,274 


The compound is represented by the molecular formula — 

KaS 04 , 2 KN 0 a. 


By means of a number of suitable examples of this kind, the 
author shows that the dissolved substances unite together in the 
definite proportions by weight of their ordinary chemical equivalents. 
The results of several oxpenments indicate the existence of multiple 
combining proportion in a feeble degree. 

Evidence is given of the existence in solution of compounds 
reprueonted by the formul® KCI,C1, — KBr,Br, and KI,I, and these 
results are confirmed by means of comparative colour measurements. 

The question of the limit of complexity of chemical combination of 
substances whilst in solution together in water is experimentally 
investigated, and although a definite compound was formed having 
the formula K3S04,16KN03,4AmCl,2NaCl,8KCl,32LiCl, the limit of 
possible complexity did not appear to be nearly reached. 

With regard to the general question, does eveiy electrolytic sub- 
stance when dissolved in water unite in definite proportions by weight 
with every other such dissolved substance P The author states that 
he has examined by the foregoing method more than 180 different 
mixtures of such bodies, but has not found one in which definite 
chemical union is not more or less clearly indicated by a minimum 
amount of voltaic energy, coinciding with the proportions of the 
ordinary chemical equivalents of the substances. The mixtures he 
examined included all classes of these substances, vis., of elements 
with elements; elements with monobasic, bibasic, and tribasic acids; 
acids of all these classes with each other ; elements with monobasic. 



liiSd.] Oil tfis Dstseiion o/ dissolved Chemical Compoue^s. S07 

btbaaio, tribaRic, aud tctrabasic fialtR ; monobasic, blboRio, and trlbaaio 
acids with all these classes of salts, and all these salts with each 
other in similar great variety. And he concludes that the relation of 
voltaic energy to chemical combining proportion, as already stated, is 
a general one, and that every dectrolytic suhttianee dissolved in 

water unites chemically in definite pro^rtions hy weight with every uther 
Bueh dissolved hody^ provided no separation of substanoo occurs. And 
that they unite to form compounds of apparently unlimited com- 
plexity. 

The method may be employed to ascertain the degrees of valency 
of substances, the basicity of acids, Ac. It may also be used to test 
the pnrity of soluble bodies, and (as previously slated) to examine 
the internal constitution of electrolytes; and the author is now 
using it for the two latter purposes, lb is capable of extensive 
application ; by it the state of union, whether chomlcal or of mere 
mechanical mixture (possibly also the relative strength of chemical 
union) of nearly every electrolytic substance soluble in water, 
alcohol, Ac., with every other such substance can be detected, pro- 
vided tbe substances do not precipitate each other, or corrode the 
platinum, and it would be easy to indicate a very large number of 
mixtures which might bo so examined, and thus lead to the discovery 
of many definite compounds, probably thousands, which exist only 
whilst in solution, and are decomposed on evaporating or crystallising 
the solutiou ; he has already found more than 150. The author has 
also employed it for ascertaining the distribution of acids and bases 
when together in solution, and for measuring the rate of chemical 
change proceeding in aqueous solutions, and generally for investi- 
gating the chemical constitution of isomrric mixtures, or those 
having the same ultimate chemical composition. All these results 
have arisen from investigating the electromotive forces of simple 
voltaic couples. 

As an illustration of the application of the method to the examina- 
tion of the internal constitution of electrolytes, including that of 
isomeric mixtures, two instances are given in which two mixtures, 
possessing the same ultimate chemical composition, oxei-t very different 
amounts of voltaic energy. 

In an additional note, dated December 27th, 1888, the author 
shows that although, according to J. Thomsen’s determinations, an 
aqueous solution of a molecular weight proportion of MgSO^, and 
one of KjjSO^, neither evolve nor absorb heat on admixture with each 
other, distinct evidence of their chemical union whilst in solution is 
afforded by measaremonts made with the voltaic balance;*' this 
difference may perhaps be explained by the different degrees of 
sensitiveness of the two methods. 



268 


Voltak Energy of EUctrolyUi, 


[Jan. 17, 


II. “Relative Amounts of Voltmc Energy of Electrolytes.” 
By (J. Gk)BE, F.B.S. Received November 24, 1888. 

( Abstract.) 

In this researoh the author has determined by means of the 
“voltaic balance” the relative amounts of voltaic energy of upwards 
of 100 aqueous solutions of elementary substances, acids, salts, bases, 
organic substances, Ac., exerted by them upon a simple voltaic couple 
at ordinary atmospheiic temperature. 

The method of measuring the amount of energy of a substance 
was as follows: Take two small glass cups containing known volumes 
of distilled water. Form two voltaic cells of them by means of strips 
or stout wires of uniimalgamated sine cut from the same piece, and 
two small sheets of platinum, also out from the same piece. Connect 
them together in series to a sufficiently sensitive galvanometer (say, 
one of from 100 to 1000 ohms resistance), so that the currents from 
the two colls oppose each other, and produce no visible deflection of 
the needles. This arrangement constitutes a “ voltaic balance,” and 
is extremely sensitive to change of chemical composition of the liquid 
in one of the vessels. Make an aqueous solution of known strength 
of the substance, and add it in sufficiently small quantities at a time 
to the water in one of the cups until the needle of the galvanometer 
visibly commencoa to move, and note the proportion of the substance 
and of water then contained in that vessel. 

Ah the amount of energy required to move the needle is the same 
in all cases, the different numbers Uius obtained with different sub- 
stances represent the relative amounts of voltaic energy of those 
substances. And as each substance or mixture of substances gives 
a different number, it is possible by this method to detect substances, 
to ascertain the degrees of strength or oonoentration of liqnids, to 
asetrtain whether a substance contains a soluble impurity, &c. The 
method also is in many cases an extremely sensitive one. 

The. names or formule of the substances, together with their 
amounts of energy, are arranged in the form of a table as a voIta* 
tension series of electrolytes, commencing with chlorine, which gives 
a pins number of + 1,282,000,000, and ending with caustic potash, 
which gives a minus one of — 270,086, and a certain mutnre of salts 
which gives —960,817. 



1889.] EUetrolytei and rapidly altmmiing CurrentB. 


269 


IIL “The Reflistance of Electrolytes to the Passage of very 
rapidly alternating CuiTents, with some Invostigatioim on 
the Times of Vibration of Eleetri(jal Systems.” By J. J. 
Thomson, M.A., Cavendish Proh^ssor of Experi- 

mental Physics, Cambridge. Kecoived January 9, 

The clcotromagiietio efTeut of tho currents induced in a conducting 
plate by alternations in a primary electromagnetic system in its 
neighbourhood, is, at a point on the side of the plate opposite to the 
primary system, in the contrary direction to the electromagnetic 
effect of the primary. Such a plate, therefore, tends to shield off 
from a secondary system tho induction due to the primary, the 
diminution it produces in the current induced in tho secondary 
depending upon the conductivity and thickness of the plate and the 
rate of reversal of tho primary ciuTont, If the rate of reversal is 
inBnitely rapid, a tliiu plate of very badly conducting substance will 
be sufficient to screen off from the secondary circuit all tho ind uction 
arising from the primary, W'hile, if the rate is very slow, a thick plate 
of the best conducting metal will hardly be sufficient to do this. 
When tho current in tho primary is reversed a few hundred times 
per second, a metal plate of very moderate thickness will completely 
shield off all induction. If the thickness of the plate exceeds this 
limit, the cuiTcnts induced in the layers next tho primary will shield 
off all electromotive force fi'om those layers wliicb are more remote, 
80 that in these layers no cuiTeuts will be formed, tho induced 
currents will thus be confined to tho skin of the conductor, the thick- 
ness of the skin varying invcraely as tho conductivity of the plate 
and the rate of reversal of the current. 

In Hughes’ induction balance this screening effect of metal plates 
is made use of to compare the resistances of two metals, but with that 
apparatus it is hardly possible to make the alteruatioua sufficiently 
rapid to produce appreciable effects with substances which conduct 
BO badly as electrolytes ; wo can, however, by employing the vibrations 
of eleotrioal systems such as those used by Hertz in his recent ex- 
periments on the rate of propagation of eleotrodynamio action get 
oscillations sufficiently rapid to make the shielding effect of moderately 
thin plates of electrolytes quite appreciable. 

Before describinir the experiments made on this point, we shall 
consider the theory of the screening effect of a slab of a conductor 
bounded by two parallel planes. Lot us suppose that these planes are 
represented by the equations « = 0, « = — A ; let Fj, Gj, Hi represent 
the components parallel to the axes of y, » respectively of the 
vector potential on the side of the slab on which the primary system 
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is flitnated ; G^, their values in the conductor, and Gg, 

their values on the side of the slab remote from the primary system. 
Tict 0 be the eiectrostaiio potential, and let ns suppose that all the 
quantities vary as e*^', then 


F = r + 


p c20 


G 


tr T .”1 
tp dij 


ip dx 


^ dlT 

dx dy dz 


= 0, 


where is a constant which depends on the theory of electricity 
we adopt. If we assume Maxwell’s theory, i' = 1, and as wo shall see 
reason later on for believing that p has always this value, wo shall 
henceforth in this investigation assume this value for it. F', G', H' 
represent transverse disturhauces propagated in a dielectric with the 
velocity of propagation of electrodynamic action. 


Let 




^ A i tp dz ^ 




where the terms of the type +«+»»*) represent the disturbance 

proceeding from the primary, and those of the type 
the disturbance reflected from the plate. 

Gg = Cge*<“'*+^r+<»+r 04 .CgV<“®'-<+V+«+r*) 


Hg = Dge'^‘‘'*+^+“‘*‘i^>+DgV(^«'*+^y+*+i**>+ 


^ dz* 


1 dtp 


Fa = ^ » 




H. = D,e‘<«''+*»'+'»+i*>+— ^ • 
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The houndary conditions are that Fi'G-, H are continnons as ve 
cross from one medium to another, that the ma^etic induction at 
right angles to the bounding surface dGrldz^dHjdy is also con- 
tinuous, and that the magnetic force parallel to the surface, the com- 
ponents of which along the axos of y and z are respectively 


1 ^ 

fdH 

dP 

A* 

1 the 

dz 

1 

f dF 

dG 


Idy 

is 


where /a is the magnetic permeability, should also be continuous. 

Let us first consider the special case where the electromotive force 
is ovorywhore parallel to the conducting plate, as this is the case whicdi 
is most important for the interpretation of our experiments. In this 
case, B|, B/, Bg, B^', and B^ = 0, and we have, since Cr is continuous 
at the surface x ^ 0^ 


Ci + C/ = Oa+C/, 
since it is continuous at x = 

since dQjfidx is continuous, wo have if is the magnetic permeability 
of the plate, 

r 

aC,e-«* = '«*»*). 


Solving these equations we get 

®- 


« _ C,' 


l(f«) (7-*) . 


( 6 ). 
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There will bo equatione of exactly aimilar form oonneotiog the D 
ooeffioientB. 

Equation (2) may be written 


and if the plate is so thin that ha! is small, this may be written 

c,=o^{4('’«+'5)+‘} 


Now the transverse disturbances satisfy in the dieloctric eqaations 
of the form 

where v is the velocity of propagation of the oloctrodynamic action ; in 
the plate they satisfy equations of the form 

djtt* ^ dkf ^ dz^ 9 dt ’ 

where o is the specific resistance of the substance of wbioh the plate is 
made. 

From these equations we see that 


and a’>+5»+c9r=— 

C 

Now if the primary system is a circnlar coil whose plane is parallel 
to the plane of the plate, 5 and c will be of the order r/B, where B is 
the radios of the coil ; hence if as in oar experiments ^irtpla is large 
compared with ir^/B^, we may pat 

O 

Since p^/t^ was small compared with l^+<^ for the vibrations UBed, 
we have approximately 

a*»-(6*+d»), 

and, therefore, is small compared with a'*; henoe from equation (6) 
wo get 

Oj « 
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or 




.1 

v'( 6 *+c»)<f^ 


(7). 


But Ci/C3e“‘** is the proportion in which the electromotive force 
is reduced by the conducting plate; hence wo see that if this is 
considerable 2Wip/%/(&^+c^)0’ must be large, and in this case the 
i*eduGtion is proportional to the thickness of the plate, the number of 
reversals in the direction of the current per second, and the specific 
resistance. The term will not change if the primary remains 

undisturbed. We see from the above investigation that if with the 
same rate of reversal two different plates produce the same effect 
upon the induced current, their thicknesses must be proportional to 
thoir spooific resistances, or, in other woimIs, the resistance of slabs of 
tho same area to currents panUlel to their bounding surfaces must be 
the same. 

The above case is tho one that is most generally useful ; there is no 
difficulty, however, in writing down the solution of the most general 
case when the vector poteutial is not assumed to be parallel to the 
plate. 

Using the same notation as before we have 

Ci+Ci' = Cg+CV 

ss CgS****** + 

Di + Dj' = Dg+D;, 

6(Bi+Bi')-a(Ci-C,') = i{6(B,+B,')-a'(C,-C,')}, 

cB8e-'*»-aD,e-‘*« = ^{c(Bge-*“'+BgV*«') 

-oXDga-"'*-©,'.-'*)}, 

6Bje-*<‘-oO,e-‘*« -^{6(Bge-*»'+Bg'o^‘‘') 

A* 

-«'(Oge-»'*-Og'««*'»)}, 


flBj+hOj+cDj ss 0, 
-oB/+ 6 Ci'+cD/ =s 0 , 
a'Bg+hOg+cDj « 0 , 
-tt'Ba'+bCg'+cDj' * 0 , 
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The eolations of these equations are 
6 D,-cC, = 


6Ci+cDi = (6C,+cD8)-?^{(7*+l)*e‘‘'“-(7*-l)V‘*'-}, 

where 7 * = 


From these equations wo can at once find C 3 and D^, and hence the 
screening effect of tlie plate ; exactly the same conclusions liold for this 
as for the special case previously considered ; if the screening effect of 
two plates is the same their thicknesses must be proportional to their 
speciilc reKistanco. 

The rapidly alternating currents, which in the experiments were 
screened by the plates, were those resulting from the electrical vibra- 
tions which are set up when the electrical equilihrium of a system is 
disturbed. We shall now piviceed to give a somewhat detailed in- 
Yestigationof tho periods of such vibrations, as the ordinary expression 
for the time of vibration of a condenser, whose plates are connected 
by an induction coil, is not applicable to this case, and, in addition, I 
think the result of these investigations taken in conjunction with some 
experiments by Hertz, will enable us to decide the vexed question as 
to whether the currents flow like an incompressible fluid, and to show 
that Maxwell's hypothesis on this point is correct. 

The case Ve shall inveBtigate is that of a straight wire connecting 
two spherical halls. Let us take the axis of the wire as the axis of z, 
and let F, G, H be the components of the vector potential, 0 the 
electrostatic potential. 

Then F = F'+— 

q> dx 


G 


a'+-r- 

tp dy 


where 


tp dx 

dW dQ' ,dW 
dic^ dy'^ dz 


and where v is a constant. According to MaxweU’s theory v = 1, 
while according to v. Helmholtz’s more general theory r 3 ; whero 
tn is the velocity of propagation of the electrostatic potential, and k 
a quantity which may 1^ determined by the equation 
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die dy dx ~ “ dt' 

On this theoiy » is also equal to 1 - whore s is a quantity such 

47re 

that the effect of tho polarisation produced in a parallelipipedal 
element of dielectric by an electromotive force X may bo represented 
by distnbutions of electricity of surface densities plus and minus e 
over the faces of the parallelipipedon at right angles to X. 

Let all the vain able quantities be pi*oportional to Then 

in the conductor since 

fir ^ph; fH;_47r^fr 

djfi dy^ dz^ c dt * 

where fi is the magnetic permeability and a* tho specific resistance of 
the conductor, we have 




ePH' . (PH' 


or, since the axis of the wire is an axis of symmetry, if r bo the 
distance of a point in the wire from this axis 

1 dir / 3.47ru/p\„, 

i;j --jH =0: 


and' if n* = 

* C 

the solution of the equation is 

H' = AJo(mr)c‘('«+i>0, 


where JoC-e) represents the Bessel’s function of zero oi*der which is 
finite when 0 = 0. 

In the dielectric surrounding the wire H' satisfies tho differential 
equation 

dafi ^ dy^ dz* dP ’ 


where v is the velocity of propagation of electrodynamio action 
through the dielectric. Transforming this ns before, this may be 
written 


(PH' . 1 dH' 
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The solution of this is 


H' = BIoOrr)e‘<"«+rO, 

Yrhere lu(ae) is the Bossel's function of zero order which Tnnishes 
when X is infinite. Wo may by symmotry, since there is no cuiTont 
in a plane at right angles to the wire, put — 


where since 




dx ^ dy djs 


= 0, 


and F, O', H' all satisfy differontial equations of the same form we 
have in the wire 

X = -^AJoOnr), 

and in the dielectric 

X = - jBToCucr). 


Again if u* and w are the velocitios of propagation of the electro- 
static potoutial in the wire and dielectric respcctiyoly, we have in the 
wire 


0 = CJoCtgr), 


where 



and in the dieleotrio 
where 


0 = DIoOjV), 


\ 

Since 0 is continuous as we cross from the wiro to tho dielootric, we 
hare if a be tbe radius of tho wire 


CJo(«jo) as DloC*/®) (8)> 

and since H is continuous, we hare 

AJft(ma)— aa (9), 

where v and v are the values of r in the wire and dielectrio respec- 
tively. Since F and Q are continuous, we hare 
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or 

«{ Ajo'(m«)~^Io'(«a)} =|{vVDIo'(«<?'a)-MgCJ„'(.?«)}.. (10). 

Since the magnetic force parallel to the Rarfaco of the wire is 
oontinuooH, 

^\dz dr dr I 
in contiimotis, and thorofore 

^9 * • lnAJ^{(lna)—^lnAJ^/(ma) = B V(i»crt) — iic 

or (11). 


From oqnationa (9) and (11) we get 


j) = • . (12), 


.Tfl(«ca) w®— M® ie\ _ v'— 1/ 

and from (10) and (11) we get 

(13). 

Hence, eliminating A and C from these equations, we get 


f f_ \ f 1 (w^— n^) \ 

n Jn(wa) loQua) (m»-n«) , I” 

«Jo'(ii»a) V(“®) ^(’»*— **) »» ,.>- Jo'(«g'«) JqOI’O 

«Io(«Z'a) ’^®Jo(«S«) 

In the cases dealt with in these experiments the rate of vibration 
was BO rapid that na was ve^j large. In this case = <Jo(ina). 

If Maxwell's theory is tme, the right hand side vanishes, since 
1^ B ir, and we have 

4fwipv^ jr 

m " IqX**®) ^ 


or 


V(« o) 


(15). 


The right hand side of this equation is very small, so « most be 
▼eiy small* In this case 

I^(m) s log 7(c<i approximately. 
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where log 7 a= 0*577 —log 2, 

80 that equation (14) becomes 

ufia log = 2 ^, 

the solution of which (see ‘ London Moth. Soc. Fi*oc.,* vol. 17, p. 316) 

(1-0 






T» 


and tdiercforo 




JiA/- 


0 


( 1-0 




Tima in this case, since the second term on the right-hand side is 
small compared with the first, the disturbance is propagated along the 
wire with the same velocity as that of electrodynamic action through 
the dielectric. The amplitude of the vibration will sink to 1/a of its 
original value after irtvversiug a distance 




If, however, v does not vanish, and if wo suppose qa small, 
which will be the case unless the velocity of propagation of the 
electrostatic potential is exceedingly small compared with that of 
olectrodynamio action, since in this case 

^ Io(' 2 “) ^J({* 2 ®) ‘«log( 7 ija)’ 

and since — ^ ^ ^ is very largo compatod with unity, equation (14) 

becomes, remembering that na is large, 

m In(iifa)*4r£V** * 4mv^ fn(p*^p) , 

t r/ = ^'- 7 — - •a log . . . .( 1 ^) • 

m Xfj{uca) 0pm 0p v ° \ ' 

and unless (p*^p)jp be very small, the right hand aide in this equation 
is very large compared with the first term on the left, and the equa- 
tion becomes 

Irt(«iea) K — m(y*— 1^) ^ 1 _ 

ifcijs' - ■ V— 
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The right hand side is small so that xa will be small, and the equation 
to determine it 


x®a log 7 «ica = — log 


or 

log 7 £«a =5 — log ^tqa. 


The solution of this equation is approximately 



— log 



log 7* 


or say 

ic® = — pw^i 


but 

jc* = OT*— 

V* 


therefore 




and the velocity of propagation of the dietnrhance through the wire 
is pim or v */{l + /J). Since the imaginary part of m does not involve tf, 
and a only occurs under the logarithm, the rate at which the vibrations 
die away will in this case bo practically independent of the resistance 
and size of the wire. Thus, unless Maxwoirs theoiy is true, the rate 
of propagation of a very rapidly alternaling disturbance through a 
conductor is not the same as that of thecloctrudynauiio action thraugh 
the surrounding dielectric ; if p is positive it goes faster through the 
wire than through the dielectric, while if p is negative it goes more 
slowly. The rate of propagation through the wire is almost though 
not quite independent of the siae and conductivity of the wiro and of 
the rapidity of the vibrations. Thus, if it could bo pro\ed that the 
velocity of a disturbance through a conducting wiro ditfered appreci- 
ably from the velocity of electrodynamio action, and that the rate at 
which the vibrations die away did not depend upon the resistance, it 
would be sufficient to show that Maxwell’s assumption is untenable. 
Hertz’s experiments would seem to show tliat the rate of propagation 
through a metallic wire is less than that of electrodynamio action 
through the dielectric ; but I believe he has lately found that the 
former rate increases rapidly with rapidity of the vibrations, which is 
inconsistent with the above result, if v* and v are independent of p. 
No experiments seem to have been made on the rate at which the 
vibrations die away, though this would bo one of the best ways of 
distinguishing between the theories. 
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If we suppose that the rate of propagation of the eleotrostatio 
potential is exceedingly small, q and q* will be very large, so that 
unless v*q — rj, the denominator of the right hand of (15) will be 
exceedingly large, so that the case ia the same as when v' = v, and 
therefore the rate of propagation of a disturbance through a wire the 
same as that of eleotrodynamic action through air. 

We shall now investigate the time of vibration of a system con- 
sisting of a straight wiro connecting two spherical balls. Let ns 
take tbo middle of the wire os the origin, and suppose that the flow 
of electricity is symmetrical about this point; at points equidistant 
from the origin the eleotrostatio potential will be equal and opposite. 

Using the same notation os before, let 

^ s= 0(6“"*— Jo(igr) in the wire, 

= D(tf »«—«”**»* )e*P^Io(cqV) in the dielectric, 


H = 4* — ^in the wire, 

tp 00 

=: B( 0 **“+e-‘*«)e‘P*Io(f/fo) + JH ^ in the dielectrio. 


If is the intensity of the current parallel to the axis of z, 


w 




SB — Jq (mr) — (r— l)C4»i(e*"»+e*^»«) 

e*^JoOqr). 

The quantity of electricity Q which has passed across any section 
at right angles to the axis is given by 

^ SB f Sternlr, 


since 


iPJo(tnr) . l<iJo(iti»-) _ „ , 


f' 


rJ,(mr)ar =s i-amJo'(m«) = ^ Jo'(*»«). 


we see that 


-2rA5>(a"" + .“—).«* ^ Jo(ma) 

S 
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Tf the enda of the wire are given by 0 = + Z, the rate at which 
electricity fiowa acroaa the end ia given by 


= 2Aa.^ cos ml e‘P* (ma) — (y— 1) 2C . — cos ml 
at n g 

or by eqaation (13) 



m 


4ffCfffi‘>*'oos wjZ J , ,lQ(tq*a) 

f ( mqr ri‘'»w'^ 

I It*) / 




— (v— l)4vC»»“C‘^^cos mlJ^itfia) ; 


if, however, a is tlie capacity (in eleetromagnotic incaanre) of the 
condenser at the end z sz I 


BO that = ««‘pC(e‘“<— 


= — 2«apsinmZ Ccy'*Jo(<g'a), 


Equating tlieae ezpreaaions for a we get 


-2^BiunUC^P>U,ja) = — 

— rq Jo^(* 2 a) ^ ^4rr(v— cos ml S^(iqa) 


Since 


wi®— __ 4wi/? 

K»»*-**) ~ ’ 


it ia Tery lai^ compared with nuitj, aud if qa and qa are Bmall, 

and 2 » -\aK 

q JoOjo) 


TOL. XVf. 


V 
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This equation (17) lednces to 

— 4nti^«mtaiim{ as ■ — — ^ .... (18), 

log(7i«'o) op 

if K =s 1, that IB, if Maxweirs theory is true, 

2v^xm tmml = — , — 7 -“Tv* 
log (713 a) 

Now v^at IB the olectrostatic zoeasare of the capacity, so that if wo 
denote this by {di}, 

ml tan ml = -jrr-n — , - • 

21«}log(l;7 3'a) 

The form of the solution will depend upon the magnitude of 
7/2 {a} Iog(l/7g'a). If this ia small then ml will be small, and we 
have 

«,878 — I 

2{4log(l/7*Ya)' 


v/22{a[ log (l/7^w/a)’ 


since, if Maxwell's theory bo true, g' = m. 

This result, however, is only true when I is not largo compared 
with «, in this oaso ttU tan ml will be large, and m therefore will bo 
approximately Jv, and so on. Thus in this case the ends of the 
wire are nodes of the electrical vibrations, and the gravest mode of 
vibration is that in which the wave-length is twice the length of the 
wire ; here the wave-length, and therefore the rapidity of vibration, 
will be independent of the capacities of tho condensers at the ends. 

If I'- 1 is finite, since the second term on tho right hand side of 
equation (17) will in this case be largo compared with the first, since 
pa^lff is large, the equation reduces to — 


it^am tan ml 


(v— 


orsincep = 

t{«}mtanmZ 


(v^l)pa^7r 


Now in the cases we are considering is very large, amount- 

ing to 10^ or 10^ in the C.G.S. system of units, so that unless {a} is 
comparable with 1/10 of a microfarad ml will equal ir/2, the ends of the 
wire will again be nodes, and the wave-length of the gravest vibra- 
tion will be twice the length of the wire. Thus in this ease, except 
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th& capacity of the oondenaer were exceedingly large, mnch greater 
tban that requisite for the same parpoae in the preceding case, the 
time of vibration would be independent of the capaoities of tho ends } 
and conversely, if we could prove that the time of vibration depends 
upon the capacity, we should prove that = 1. Now Herts in his 
experiments seems to have been able to bring two circuits into 
resonance by altering the capacity of tho ends, though these capa- 
cities were exceedingly small compared with 1/10 of a microfarad. 
This, therefore, is exceedingly strong testimony in favour of the 
truth of Maxwell’s theory, at any rate for conductors. 

added February 15, 1889. — We can find tlie ratio of to vg, 
the values of v for a dielectric and conductor respectively, by oon- 
sidering the reflection of an electromagnetic disturbance at a metallic 
surface. Using the notation of the beginning of the paper, let the 
incident waves of the vector potential be expressed by 

p' = 

0' =s 

H' = Ce*<"+*‘y+P*) ; 

the reflected waves by 

0/ = 

H/ = 


Then assuming that 6®+c® are laigo compared with 

we find — 



B'+B = 


•'l v^(b® + e®) 


C' + C r- 


h 


Thus the electromotive force parallel to the surface of the reflector 
does not vanish at the surthoe nuless Hertz (* Wied. Ann.,* 

34, 615) found that when the plane of the secondary circuit was 
parallel to tho reflecting surface, the sparks vanished at the reflecting 
surface, thus showing that Vj|— is at any rate small. The meihod 
founded on the law of decay of the vibrations is more delicate, as it 
shows whether or nob (vj— vi)na is small and no is a large quantity.] 

In the above work we have assumed that qa is small, but if qa be, 

o 2 



284 Prof. J. J. Thomson. Th^ Rmntanre of [Jan, 17, 

large, ae would be cose if the rate of propagation of tlie electro- 
static potential wei-e exceedingly stnall compared with that of eleotro- 
dynamic action, the first term on the right hand side of equation (14) 
would bo voiy large, so that in this case again tan ml would bo large 
and ml = approximately, and the same atguments would apply 
as ill the rase when 1 was finite* 

If V s= 1 for all substances, then since the electromotive force 
parallel to the axis of a* is — dF/di— and since F = F' + d0/<2IiP.ip, 
the as component of the electromotive force is — dF'/d^. Similarly, the 
y and z comiKUients ere ‘-dOt'jdiy — dH'/d/. Thus the electromotive 
force is propagated with the velocity of the transverse vibrations (see 
“ Koport on Klectrical Theories,*’ ‘ Brit. Assoc. Report,* Aberdeen, 1885, 
p. 138), and since F', 6', 11* satisfy the solcnoidal condition, there is 
no condensation. 

The rate of propagation of a disturbance tbrongb a conductor is 
o'lly equal to that of the eloctrodynamio action through a dielectric 
when ajirpt}i^\ogptr'fjnfAV^ is small, and though this will be so for the 
rapid vibrations we are dealing with when tlio conductor is metallic, 
it would not bo so if the conductor were a dilute electrolyte or a 
rarefied gas. In this case the rate of propagation of the disturbance 
through the conductor would not be the same as tliat through the 
dielectric. In this case the action propagated along the conductor, 
and that propagated through the dielectric, would when they met 
interfere and set up standing vibrations, so that along the conductor 
there would bo a series of stationary nodes at which the current 
vanished, in other words, the current along the conductor would be 
striated. In the discharge of electincity through rarefied gases we 
have the current passing through a conductor of high resistance, and 
it seems possible that the striations which arc observed in the case 
may be due to the interference of the disturbance propagated through 
the conducting gas and that passing through the dielectric. The 
widening of the strife on rarefacition, and on increasing the diameter 
of the discharge tube, are consistent with this view. 

The resistances of the electrolytes to the very rapidly alternating 
currents were compared in the following way : — 


A, B, C are three coils, two of which (B and G) are approximately 
of the same dimensions, and are nearly but not quite closed. Sphe- 
rical balls arc fastened to the ends of these coils. The two balls of 
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the coil C are supported in an ebonite frame provided with an 
ebonite screw, by means of which the two btills can be bnmght very 
near together and kept bo as long as is neceKsury. 

The coils B and G arc placed on shelves of glass coated with 
shellac. The shelves are supported on a framework with Hupports at 
different levels, as in an ordinary book-case, so as to enable the dis- 
tance between the primary and secondary coils B and C to bo altered 
if necessary. The coil A. is connected to an indue tiou coil which, 
when in good order, will give spai'ks 5 or 6 inches long. The coil is 
worked by a slow mercury break, the speed of which can he regu- 
lated by altering the inclination of the arms of a fan whoso motion 
resists that of the break : in tho actual experiments the circuit was 
broken every few secomls. When the coil works spai ks pass between the 
points e and /, electrical vibrations arc started in the coil B ; in other 
words, there arc alternating currents in B whose period is that of its 
electrical vibration, and given by equation (18). The currents in B 
will induce currents in (*, and these latter will be rendered evident 
by the' production of a minute spark between tho two balls at its 
extremities. These sparks, though small, are so bright that they can 
bo readily observed without darkening the room. 

The production of sparks in tho secondary cii'cuit is much affected 
by what are, apparently, slight alterations in the conditious of the 
primary. Thus, for example, it is very much facilitated by placing 
the balls of a pair of dischaiging t^mgs between e and /, and allowing 
fhe spark to jump from e to the discharging tongs, and then fiom the 
discharging tongs to /. This change did not seem to bo due to the 
resonance between the coils B and G being improved by the presence 
of the tongs, for unless they were placed in tho way of tho spark they 
produced no effect ; again, it was not altogether duo to an iacrense in 
the quality of electricity which passed from A to B at ouch discharge, 
as this was measured by placing a specially insulated galvanometer in 
the circuit, and it was sometimes found that the quantity of elec- 
tricity which passed when the tongs were not interposed and when no 
spark was produced in the secondary cii'cuit, was greatc^r than the 
amount which passed when the tongs were interposed and when 
sparks were produced. The cliaracter of tho spark which passes 
between A and B has also great influence — tho best sparks are those 
which are perfectly straight, and accompanied by a sharp snap ; sig« 
sag sparks in the primary very rarely produce any sparks iu the 
secondary. 

A conducting plate placed between B and C ought, as we have seen, 
to diminish the induction between them, and therefore the eleotio- 
motive force in the circuit G, and since the diminution in the induction 
increases with the rapidity with which the current in the priniaiy is 
reversed, it ought in this case to be very marked. This was found to be 
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the case ; thin sheet metal and tin-foil when placed between the coils 
were found to completely btop the sparks in C. 1 then coated a plate 
of glnSfl, which of itself had no effect upon the sparks, with a film of 
Dutch 'metal about ttW ^ oentijnetro in thickness, and found 
that it completely stopped the sparks, and I hare not been able to got 
a film of metal thin enough to allow sufficient induction to pass 
through to produce sparks in the secondary. 

This is in accordance with the results of our inrestigation on the 
screening effect of conducting plates, for we saw by equation (7) that 
when a screen of thickness h was interposed the electiYimotive force 
is only 

2vhp ’ 

when tf is the conductivity of the metal. 

Since the eleoti^motive force in the plane of the screen, which is 
taken as the plane of yZf is of the form 

cos by cos cr, 

+ r**) will be of the order 23r/R where R is the radios of the primary 
coil ; several coils were need whose radii varied from 13 to 23 c., so 
that will be of the order 1/2. The length of the coils 

varied from 81 to 140 c., and the balls at the extremities from 1 to 
2 c. in diameter, so that the length divided by the capacity is large, 
and, therefore, by equation (18) the wave-length will be twice the 
length of the coil, or for the largest coil about 3 metres ; thus p will 
he about 2r x 10^, and if we suppose the film is of a millimetre 
thick, h will bo 5 x 10‘*, we may take # to be 10*. A film of this 
kind will, by the above formula, diminish the indnotion about 800 
times, and we should, therefore, not expect the electromotive force 
acting on the secondary to be sufficient to produce sparks. 

A thick plate of ebonite was next placed between the coils bat did 
not produce any appreciable diminution in the sparks in the secondary ; 
thus ebonite, though opaque to vibrations as rapid as those of light, 
still allows vibrations of which 10^ take place in a second to pass 
through without interruption. 

The effect of interposing a film of electrolyte was next tried. A large 
square glass trough was placed between the coils B and 0 and carefully 
levelled, the electrolyte was then poured in ; when only a very small 
quantity of electrolyte was in the trough the sparks still passed, but 
they got feebler and feebler as the quantity of electrolyte in the trough 
increased, until finally, when the electrolyte was dilute sulpburio acid, 
they ceased altogether when the depth otthe electrolyte in the trough 
amounted to 3 or 4 millimetres. The criterion adopted for the dis. 
appearance of the sparks was to allow 60 sparks to pass into the 
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primarj, stopping and starting the coils several times; if, during this 
time, no sparks passed in the secondary, the sparks yfere considered 
stopped. A variation ot 5 per cent, in the quantity of electrolyte 
present would cause the system to pass this point one way or another 
in a marked way. 

The balls at the extremity of the secondary were adjusted so that 
sparks passed freely before the electrolyte was put in, after each ex- 
periment the electrolyte was removed, and caro was taken to ascertain 
that sparks still passed as freely as befoi*e so as to guard against any 
accidental disarrangement of the secondary during the experiment. 

Three sets of coils were used which we shall describe by I, IT, IIT. 
Set 1 consisted of two circular brass coils, 140*8 c. in circumference. 
The diameter of the brass rod of which they were made was about 
0*6 c. ; the balls at the extremities were 2 c. in diameter. The time 
of vibration of this coil, calculated by equation (18), is about 10~** 
seconds. 

Set II consisted of two circular copper coils 81*2 c. in cit*camference, 
the rod of which they were made being about 0*5 o. in diameter; the 
balls at the extremities were 1 o. in diameter. The time of vibration 
is about 5x10*^ seconds. With those small coils the balls of the 
secondary had to be exceedingly close together in order to get sparks, 
but when the micrometer screw was properly adjusted the sparks were 
veiy bright and the indications quite definite. The coils wei'e about 
0 0. apart. 

Set III consisted of two rectangular coils made of sheet lead, one 
side was 30 c., the other 40, the breadth of I he sides was 5 c., and 
the diameter of the balls at the extremity 2. The distance between 
the coils was 15 c. The time of vibration about seconds. 

The electrolytes used were solutions of— 


Sulphuric acid, specific gravity of solution 

Ammonium chloride „ „ 

Sodium „ „ ,, *...*•« 

Potassium „ „ „ 

Ammonium nitrate „ „ 

Potassium carbonate „ „ 


1*175 

1*072 

1*185 

1*155 

1*176 

1*280 


In the following table the relative thickness of the films of these 
substanoea required to stop the spark is given, each number being the 
mean of several observations. The thickness of the H^SO^ film was 
taken as unity. An observation with sulphuric acid was mide before 
and after the observation with any other electrolyte. 
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1 

1 


NU 4 CI. 

NaCl. 

KOI. 

NH 4 NO*. 

KaCO^. 

Coil I 

1 



2 ‘6 

16 

3*1 

Coil 11 

1 



3 '3 

1'3 

31 

Coil in 

1 



3 2 

20 

3*3 

Moan 

1 

1 ns 

8-56 

8*0 

1*8 

8-2 

ReUtivo roHstanoe 







with very slow 
reversal * ...... 

} ■ 

1-65 

3-0 

3-4 

1*8 

2'8 

1 


The thicknesses of the films ai*e by equation (7) proportional to the 
specifio resistances, HO that the numbers in the fourth line give the 
relative resistance of the oloc truly tea to currents whose directions are 
reversed from lU® to 2 X 10* times per second. In order to see 
whether these resistances are the same as those with an almost 
infinitely slower reversal, I determined the resistance of the electro- 
lytes by using a commutator which reversed the current through the 
clcctndyto a1>out 120 times a second, and kept the direction of the 
current through the galvanometer constant. The electi*odes were 
platinised, and no polarisation could be deteoit^d. The numbers are 
given in the last line of the above table, and agree sufficiently well to 
enable us to say tliat the relative resistance of electrolytes is the same 
when the curi^nt is reversed a hundred million times a second as for 
steady curivnts. 

It was not possible to compare in tliis way the resistances of electro- 
lytes and metals, as the thinnest metallic film which could be obtained 
was evidently much tliicker than was necessary to completely stop all 
induction. I succeeded, however, in compaiing by this method the 
resistances of gmphite and sulphuHo acid. The graphite film was 
prepared by placing a sheet of glass at the bottom of a trough filled 
with water, holding a large quantity of finely powdered graphite in 
HusponHion; after the graphite had deposited itself uniformly on the 
glass plate, the water was syphoned off, and the graphite film allowed 
to dry gradually. When quite dry it was hard and compact, and 
could bo rubbed down by emery to any required thickness. By 
diminishing the thickness of the film and adjusting the distance 
between the coils, a film of graphite was obtained which just stopped 
the sparks ; a film of was then substituted for the graphite, 

and its thickness adjusted until it, too, just stopped the sparks. In 
this case, by formula (7) the resislance of equal and similiur areas of 
the two films to carrenis parallel to their surface must be the same, 
the currents being rovers^ 10* tiroes per second. 1 determined the 
resistances to steady currents parallel to the surface, and found that 
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the resistance of the graphite film was 67 ohms, and that of the 
sulphnrio acid 7*2 ohms ; thus we maj say that the mtio of the specific 
i^sistances of graphite and sulphuric acid is the same when the 
currents are steady as when they are reversed 10^ tiinos por second. 
Since the ratio of the resistances of such dissimilar things as gi*aphite 
and electrolytes remains the same, we may <‘onclude that the resistances 
themselves remain unaltered. The method described above for com- 
paring the resistances of electrolytes is one that can be very easily 
mid quickly applied, and only requires the simplest apparatus ; an 
induction coil, or, if that is not available, an electrical Tiuichire, being 
all that is required. The method has the advantage of avoiding the 
use of electrodes, as all the circuits in the electrolyte are closed. 

Since electrely tes are transparent, they must, if the olectminagnetic 
theory of light is true, act as insulators when the currents are revereed 
as often as light vibrations, or about 10^^ times per second. Wo have 
seen, however, that they conduct as well when the currents are 
reversed 10^ times a second as when they are steady ; thus the mole- 
cular processes which cause electrolytic conduction must occupy a 
time between 10“® and 10”^® seconds. 

Another point which can be settled by this method is, whether a 
vacuum is a conductor or an insulator. According to one view the 
great resistance which a highly exlmustod vessel offers to the passage 
of electridty is due to the difficulty of getting the current from the 
electrode into the rarefied gas : when once the cuiTent has got there, 
there is, according to this theory, no farther resistance to its passage : 
if this theory is correct, a highly exhausted receiver placed between 
the primary and secondary circuits ought to stop the sparks in the 
latter, as since all the circuits are closed there ought to be no obstacle 
to the passage of the induced currents. In order to test this I took 
a box, 50 c. by 50 o. by 4 c., the top and bottom of which were sheets 
of plate-glass fitting into wooden sides; the sheets of glass wore also 
supported by five ebonite pillars placed at equal intervals over their 
surface. The box was repeatedly dipped into a bath filled with 
melted paraffin until it was surrounded by a coating of paraffin about 
2 0. thick. The paraffin was then smoothed over with a hot soldering 
iron, and then covered with a layer of shellac varnish. The box was 
then exhausted by a mercury-pump, and it was found that the pres* 
sure could he reduced to about 1 mm. of mercury, but uo further. 
When this vacuum was placed between the primary and secondaiy 
coils it did not produoe the slightest effect upon the sparks, so that 
its oondnetivity must be very small indeed compared with that of the 
electrolytes used in the preceding experiments. I am having an 
earthenware vessel made with which 1 hope to repeat the experiment 
at much higher exhaustions. 

I abio tried whether the oonductivity of the elootrolyte was altered 
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by Bending a corrent through it; for this purpoBO a layer of buI- 
phurio acid was placed between the primaiy and Beoondary coils of 
Bnch thicknesB that it almost but not qaite stopped the spaz^s in the 
latter ; a current of about 2 anip&ros, which was reversed abont MO 
times a second, was then sent through the sulphuric acid, but the 
passage of the current did not socm to produce any effect whatever 
upon the sparks in the secondary. I conclude, thei'efore that the 
resistance of an electrolyte is not affected the passage of a current. 

1 wish to express my thanks to my assistant, Mr, E. Everett, for 
the zeal and skill ho has displayed in these experiments. 

[Note added February 15, 1889. — have recently tried the effect of a 
very high vacuum in stopping the sparks. The primary circuit con- 
sisted of two straight wires with spheres fastened to one end of each ; 
these wires were connected with the poles of an induction coil, and 
the sparks passed between the sphereH. The secondary consisted 
of two similar wires, with smaller balls at the ends, the distance 
between the balls being very small. The length of the wires of the 
secondary was altered until it was in resonance with the primary. 
The secondary was placed in a hollow cylinder formed of two coaxial 
glass tubes, sealed on to a mercury pump, by means of which a very 
high vacuum was obtained in the space between them, which sur* 
rounded the secondary. This vacuum, however, did not produce the 
slightest effect on the sparks.] 
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January 24, 1889. 

Professor G. <t, STOKES, D.C.L., President, in the Chair, 

The Presents received were laid on the table, and thanks ordeiod 
for them. 

. The following Papers were road : — 


L “ On the Influence of Carbonic Anhydride and other Gases 
on the Development of Micro-organisnis.” By PERCY F. 
Fkanklani), Ph.D., B.Sc. (Loud.), F.LC., Absckj, lioy. Sch. 
of Mines, Professor of Chemistry in University College, 
Dundee. Comtnunicatod by Professor T. E. Thorpe, 
Ph.D., F.R.S, Received December 18, 1888. 

In consequence of a paper which has appeared in the last number 
of the ‘ Zeitschrift fiir Hygiene,’ by Dr. Carl Fronkul, entitled “ Ueber 
die Einwirkung der Kohleusaure auf die Lebensthatigkeit der Mikro- 
organismen,” I have been led to publish the results of some prelimi- 
nary experiments on the same subject which I made in the spring of 
1886, hut which, owing to my attention being at that time devoted to 
investigations in other directions, I was obliged to put on one side. 
Although the methods which I adopted in my ex|>erimentH are essen- 
tially different from those whioh Frankel has employed, yet the results, 
ao far as they can be compared with his, are on the whole conoordant. 
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In my experiments I used the ordinary methods of plate-cultivation 
(Esmaroh's important modification having not yet been pablishod), 
the plate-cnltivations of the various mLcro-organisms being then sub- 
mitted to an atmosphere of different gases in the following manner: — 
A suitable attenuation of a particular micro-organism was employed, 
and gelatine plates were poured in the usual way ; the different plates, 
resting one abovo the other on small glass stages, were plRood in a flat 
porcelain dish and covered over with a glass bell- jar. Mercury was 
then poured into the dish, thus forming an effectual seal, and sterilised 
water was poured on to the surface of the nici*cury. The weight of 
the bell -jar causes it to sink to a certain depth into the mercury, so 
that the damp-chamber is in reality cut off from the cxt^smal air by 
the mercury, and not by the sterilised water. A piece of sterilised 
india-rubber tubing is then introduced bencatli tho mercury, and a 
current of any particular gns can he passed into the chamber, the 
excess of gas escaping at the edge of the bell-jar through the mercury 
and water. 

After the air has been driven out of the chamber in this manner, 
and replaced by any given gas, the tubing is removed, and tho dish is 
kept at the requisite temperature, which in my experiments was 
about 20® C. 

The particular micro-organisms which I used in those experiments 
wore (1) the Baclllua pyoryaneus^ (2) KoeVs Oonima S^nrillum, 
(3) J?in/fZer’« Ootn-ma Spin'Mnm, which were procured from tho 
Hygienic Institute in Berlin. The different organisms were obtaineil 
in a suitable degree of attenuation by mixing them with sterilised 
water, from which a definite quantity was taken and gelatine plates 
poured. 

In each experiment one plate was placed in a damp-chamber con- 
taining ordinary air, whilst a second was exposed in a similar chamber 
filled with the particular gas under examination. After tho lapse of 
an adequate period of time admitting of their development, tho 
colonies were counted in both oases and the results compared. 

I. Experiments teiih Hydrorjen. 

The hydrogen was generated in a Kipp’s apparatus by the action of 
dilate sulphuric acid on sine; it was purified by passing it through a 
saturated solution of caustto soda, and was then conveyed through a 
sterilised piece of india-rubber tubing and a sterile plug of cotton- 
wool into the damp-chamber containing the inoculated gelatine 
plates. The following results wore obtained in the use of this 
gas:- 
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(a.) With B. jpyocyanmu (Ghreen Pns). 
lat Experiment (March 4th, 1886). 


Air-platof 
(aitor 2 dajs). 

Number of colonies from f (a.) 22,412 1 oa kqq 
1 O.O. of the mixture. • L (^> ) 22,651 / 


(after 4 dajra). 
11,500 


The appearance presented by the plates developed in the liydrogen- 
chamber and those developed in air was very diffprent. On the 
former the colonies were decidedly larger, less sharply defined, fainter 
in colour, and of more radiated structure than those on the air- 


2nd Experiment (March lltb, 1886). 

Air*plat4« ll-platoa 

(afler 6 days). (after 7 dayt). 

Number of colonies from f (a.) 15,515 1 , - ono 12,365 1 -.o qqo 

1 c.c. of the mixture. . 1 (6.) 18,960/ ’ (h\) 12,262 J ’ 

The hydrogen-plates again showed the characteristic appearances 
mentioned above, many of the surface colonies haying reached a 
diameter of 1 om. 

3rd Experiment (March 2Dth, 1886). 

AiP'plates H-platea 

(after 4 dayi). (after 7 daye). 

Number of colonics from 1 c.c. 
of the mixture 6124 5600 

In this case again the hydi*ogen*platea bad the same characteristic 
appearance, the colonies on the surface being surrounded by a com- 
plete circular zone which exceeded by many diameters the original 
size of the colony. 

From these experiments it is seen that the development of the 
BogUIus pyocyoMeus is only slightly aftbeted in an atmosphere of 
hydrogen; the colonies, however, grow more slowly and present a 
distinctly different appearance. 

(5.) With Kooh*s Comma SpiriUum^ 

Ist Experiment (March 15tb, 1886). 

H-pIstM 

Air*plat6S. (after 7 days). . 

Number of colonies from f (o.) 4183 (after 4 days) (a'.) 676? 

1 c.c. of the mixture • • \ (5.) 4440 (after 5 days) (&'.) 8260 

The Colonies on the hydrogen-plates were smaller than those on the 
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air-platoB, and ihej did not exhibit the charaoterUtio depression on 
the surface of the gelatine. 

2nd Experiment (March 29th, 1886). 

Air*plufoi H-platof 

(after i day»). (after 7 days). 

Number of colonies ft*om 1 c.c. 

of the mixture. 100 110 

The yitality of Koch's comma spirillum is there foi*e in no way 
affected by exposure to an atmosphere of hydrogen, although its 
development into colonies is considerably retarded. 

(c.) With Finkler's Spirillum, 

Ist Experiment (March 15th, 1886). 

Air>platoft TT -plat et 

(after 4 dayi») . (after 7 days) . 

Number of colonies from 1 c.c. 
of the mixture 12,107 6726 

The colonies on the hydrogen-plates had the appearance of small 
milky dote, and caused in many oases a depression on the surface of 
the gelatine ; they resembled, in fact, very young colonies on an ordi- 
nary plate culture of these spirilla. 

In an atmosphere of hydrogen it would appear that of the three 
organisms with which 1 have experimented Koch’s comma spirilla 
were the least prejudicially affected in their vitality. 

II. Ejiperimmts with Carbonic Anhydride, 

The gas was prepared in a Kipp's apparatus by the action of dilute 
hydrochloric acid on marble, and puridod by passing it first through a 
saturated solution of carbonate of soda and then through a sterilised 
plug of cotton- wool. 

The same three micro-organisms were submitted to experiment in 
the manner previously described, 

(a.) With the B. pyocyaneue, 

Ist Experiment (March 4th, 1886). 

Air-platos 00«-platM 

(after 8 days). (after 9 days). 

Number of colonies from 1 o.c. f 22,412 1 ^ 

of the mixture. I 22,651 J 

*Thi8 plate was then placed in a damp-chamber in an atmosphere 
of air, and after seven days 2023 colonies were found. 
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2nil Experiment (March 11th, 1686). 

A ir-platoft COj-plaf o« 

^ (after 6 dn^pg). (after 8 dayg). 

Number of colonma from 1 c.e. f (a.) 15,515 («'.) 0* 

of the mixturo 1 (&*) IB, 050 (&'.) 0 

*On being transferred to a danip-cb amber filled with air, tbei*e were 
after three days— 

(o') 1288 colonies. 

(V) 1150 „ 

In an attnosphoro of carbonie anhydride B. ^^yonjaneus is thus nnt 
only prevented from multiplying, but the greater proportion of the 
bacilli present are destroyed in the course of a few days. 

( 5 .) With Koch’s Comma Spirilla (March 11 th, 1886). 

CO}- plates 

Air-plates (after 8 days). 

Number of colonies from f (tf.) 4183 (after 4 days) (a\) 0* 

1 c.c. of the mixture . . \ (t.) 4440 (after 5 days) ( 6 '.) 0 

*Thefle plates were then transferred to a damp- chamber filled with 
air, and examined after three days, but no colonies were found. 

(c.) With Finkler’s Spirilla (March 11th, 1886). 

Air-plates COa-plates 
(after 4 days), (after 8 days). 

Number of colonies from 1 c.c. 1 -lo 1 Q 7 f («^) 0* 
of the mixture J * I (5'.) 0 

•These plates were then transferred to a damp-chamber filled with 
air, and re-examined after three days, but no colonies were found. 

The deleterious effect of carbonic anhydride on the vitality of these 
organisms is, therefore, far more intense in the case of the Koch and 
Finkler spirilla than in tliat of the Bacillus pyocyaneust for not only 
can no colonies develop in the atmo 8 phei*e of CO 9 , but the spirilla 
are either destroyed or so weakened during eight days' exposure to 
this gas that even on being transferred to an ordinary air-chamber no 
colonies are developed. 

III. Experiments with Carbonic Oicide. 

This gas was prepared from potassium ferrocyanide and strong 
sulphuno acid, and purified by passing it through a saturated solution 
of caustic soda and then through a small tower filled with slaked 
lime, and finally through a plug of sterilised cotton-wool. 

The following experiments were made in the manner preriously 
described with the tbee micro-organisms mentioned 
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(^i.) With B, pyocijaneus, 

1st Experiment (March 19th, 1886), 

Air-plates * CO^pUtee 
(after 4 days), (after 8 days). 

Number of colonies from 1 o.o. f (a.) 28,952 (a/) 0* 

of the mixture { (A.) 27,794 (6/) 0 

•After three days’ exposure to air, there were found on examine- 
tiott — 

(a') 20,558 colonies. 

(6') 16,142 „ 

2nd Experiment (Mai*ch 29th, 1886). 

Air-plates CO-plates 

(after 4 days), (after 0 days). 

Number of colonies from 1 c.o. 

of the mixture 6124 467* 

•After five days’ exposut^e to air, 6333 colonics were found. 

3rd Experiment (April lOth, 1886). 

Air-plates CO-plates 

(after 4 days), (after 7 days). 

Number of colonies from 1 c.c. 
of the mixture 113,978 0^ 

•lu this experiment a dish with pyrogallio acid and caustic potash 
was placed in the damp-chamber, in order to remove any tiuce of 
free oxygen which might bo present. After four days’ sulisoquont 
exposure to air, 100,821 colonies wore found. 

From the above experiments, it is evident that carbonic oxide exerts 
a voTj powerful influence on the vitality of B* pyocijaneuSt for it 
effectually stops their development, but that this is only a temporary 
check to their growth is shown by the fact tliat on being removed to 
a damp-chamber containing air, almost the same number of colonies 
made their appearance as were found in the first instance on the air- 
exposed plates. The results of the 2nd experiment suggest that in 
this case there were possibly traces of air still remaining in the 
chamber. 

(5.) With Koch’s Comma Spirilla^ 
lat Experiment (March 29tb, 1886). 

Air-pUtet OO-plntea 
(after 4 days), (after 9 days) . 

Number of colonies from 1 o.g. 
of the mixture 100 48* 

•After five days’ exposure to the air, the number of oolouies ix»se 
to 76. 

TOIn xlv. 
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2nd Experiment (April 10th, 1886). 


I 

Number of coloniefl from 1 c.c. 
of the mixture. 


Air*platos 
(afrnr 4 

r(a.) 2,800^ 
{ (6.) 52,020 > 
l(c.) 52,470 J 



(a\) 809 

(6'.) 19,494* 


•In theHe experiments pyrogallic acid was employed. The plates 
were exposed afterwards during four days to the air, but on sub- 
sequont examination the number of colonies was not found to have 
incFeased. 


(c.) With Finkler’s Spirilla (April 10th, 1886). 

Air-platos CO-plakrB 

(after 3 dayii). (after 7 clay#). 

Number of colonies from 1 c.c. f (u.) 4574 1 2« 

of the mixture \ (5.) 4320 J 

•In this experiment pyrogalli^ acid was employed. Afler four 
days' oxposui'e to the air, the number of colonies rose to 501. 

In the carbonic oxide atmosphere, therefore, only a fmetion of 
Koch's comma spirilla, and a still smaller fraction of Pinklor’s 
spirilla are developed; the subsequent growth on exposure to the 
air is relatively small, and in the case of Koch’s comma spirilla prac* 
tically nil. 

IV. Experiments with Nitrous Oxide^ Nitric Oxidcy Sulphuretted 
Hydrogen, and Sulphurous Anhydride, 

Similar experiments were made with these gases. Those plates 
which were exposed to an atmosphere of nitric oxide, snlphuretted 
hydrogen, or sulphurous anhydride developed no colonies, neither 
were any found on sabseqnently placing the piaffes in air*ohamber8. 
These three micro-organisms are, therefore, rapidly destroyed by the 
action of these gases. 

In the experiments with nitric oxide, the air was first driven out 
of the damp-chamber with hydrogen in order to prevent the formation 
of nitrons acid. 

The organisms behaved, however, differently in the presence of 
nitrons oxide; in the chambers which were fill^ with this gas, and 
in which pyrogallic acid was also present, the Bacillus pyocyaneus 
developed no colonies, but afterwards on being placed in an air- 
chamber, almost as many colonies were found as were present in the 
original oonin)! air-plates. 

Under similar circumstances, Koch's comma spirilla developed 
in an atmosphere of nitrons oxide nearly one-third of the colonies 
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found on the ctontrol air-plateg, and on being transferred to the eir- 
chamber a further though slight increase was found on re-examina- 
tion. 

In the case of the Finklor spirilla, about oiie-sercnth of the total 
number of colonies were developed, and on being transferred to the 
air-chambsr a furtlier iuorease was observed, being aU)ut oue-dfib of 
the total number which had grown on the control air- plate. 

Those rosalts are tabulated below. 


JlJarprnments with Nitrous Oxide, 

This gas was prepared by heating ammonium nitrate in a retort, 
and purified by passing it through a small tower filled with alnkod 
lime, also through strong sulphuric acid and sterilised cotbm-vool 
In all the experiments, a dish cont<aining pyrogallic acid and c;iustic 
potash was placed in the damp-chamber. 

(tf.) With B, pyoeyaneus (April 10th, 1886). 

A ir-plato 

(after 4 dn>i»). (after 7 u.ivi*) 

Nnmher of colonies from 1 o.o. 

of the mixture 113,978 0* 

*0n being transferred to an air-chamber, there were found after 
four days 89,368 colonies. 


(6.) With Koch*s Cowma Spirilla (April lOth, 1886). 


Number of colonies from 1 c.c. 
of the mixture 


Air-plataff 
(after 4 Hays). 

{ (a.) 2,800 

{h.) 52,020 
(«.) 62,470 


} 


N|0- plates 
(after 7 days). 

(.»'.) 903* 

{h\) 17,490 


*On being placed in an air-chamber no further colonies weie 
developed on (ja!) plate, whilst on (5') after four days the number bad 
risen to 23,328- 


(c.) With Fiuklor’s Spirillck (April 10th, 1886). 


Air-plates 
(after 8 days). 


Number of colonies from 1 c.o. f (a.) 4574 1 
of the mixture L (5.) 4320 / 


KgO-plates 
(after 7 days). 

649* 


being transferred to an air-chamber there were found, after 
two days, 816 colonies, 

X 2 
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Nitron g oxide acte, therefore, upon these three mioro-organihou 
much in the same manner as oarbonio oxide. 

Remarks, 

From the above Hoiicg of experimentg, it is at once apparent that 
tho four different g>i&es act very differently towards mioro-oiganisms. 
Of tho four gases employed, hydrogen, carbonic oxide, nitrous oxide, 
and carl>onio anhydride, hydrrtgen had the least deleteriona effect 
upon those microbes with which I experimented, whilst carbonic 
anhydride had the most destructive influence. There is, therefore, no 
longer any doubt, as indeed Liborious and C. Frankel have already 
p<dntod out, that in the anaerobic culture of micro-organisms hydrogen 
is by far tho most suitable medium for the expulsion of air, whilst 
carl>onio aTihydi*ide, owing to its markedly dolctorious effbct upon 
many forms of bacteria, is not only ill suited, but is in many cases 
quite unfit for such a purpose. 

And although there is no doubt, as Buchner asserfs, that all those 
bacteria which give rise to fet%ientationB attended with an abundant 
evolution of carbonic anhydride, must also be capable of flourishing 
in an atmosphere of this gas, yet it by no means follows that these 
organisms attain tboir full vitality in such an atmosphere. On the 
oonti’ary, it is very possible that their anaerobic and fermenting 
powers only reach their maxiumm degree of activity when the gaseous 
products to which they give rise are removed either by a really 
indifferent gas, such as hydrogen, or by a vacuum. 

The rosnlts of some experiments on tho fcrineiitativo activity of 
yeast by Boussingault (* Compt. liend,* vol. 91, p. 37) support this 
view, for they show that in such a vacuum alcoholic fermentation 
takes place more actively, and is more quickly completed than at tbe 
ordinary pressuro of tho atmosphere. 

As regards the jiarticular behaviour of these three micro-organisms 
towards carbonic anhydride, the results of my experiments agree 
almost entiroly with those of Frankel. In both series of experiments 
it was found that the growth of B. 'pyocyaneus was entirely suspended 
by the action of this gas, but that on subsequent exposure to air the 
gprowth, attended with the formation of tho chara(^ristio pigment, 
oommenoed. 

Again, in both series of experiments, it was observed that carbonic 
anhydride completely arrested the growth both of Koch's comma 
spirillum and Finklor’s spirillum, but whilst 0. Frankel always 
succeeded on subsequent exposure to the air in obtaining a growth, 
although a very feeble one, in my experiments no such secondary 
growth was observed. 

This discrepancy may, however, very possibly arise from the differ- 
ence in the power of resistauce which is often observed in the same 
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oi^anism in different cnltaree. Of |>articu]ar interest is the fact, 
which is brought out in the quantitative results of the experiments 
made by both of us, that there is a groat variation in the power of 
resistanoe possessed by the individual organisms in an ordinary 
cultivation, and that conditions which exert a rapidly destructive 
influence on the majority of the microbes, leave the more hardy 
individuals of the same culture unaffected. 

1 have already had occasion* to notice a similar result in expori. 
ments on the introduction of Kooh's comma spirilla mdiB.j[)yocyanfV8 
into dnnkiug water; in these experiments it was repeatedly observed 
that the gi*eater preportion of the organisms which were inoculated 
into the water rapidly died off, whilst a small proportion survived 
much longer, and, in fact, subsequently exhibited multiplication. 


II. “ The Spinal Curvature in an Aboriginal AuBtralian/' By 
D. J. (Cunningham, M.D., Trinity College, Dublin. (Join- 
iiiunicated by Sir W. Turner, Knt., F.tt.S. Received 
January 14, 1889. 

(Abstract.) 

1. The lumbo- vertebral index gives no information as to the 
character and degree of the lumbar curve of the vertebral column. 
If it did BO, wo might assume that in the native Australian tlie 
lumbar region of the spine was carved so as to present a concavity to 
the front. 

2. To estimate the extent and the degree of the different curves of 
the column it is necessary to examine fresh spines in winch both the 
vertebral bodies and intervertebral disks may be studied in conjunc- 
tion with each other. 

8. In the spine of the native Australian (described in the extended 
paper) the secoudaiy curves (i.e., the cervical and the lumbar curves) 
are strongly accentuated, whilst the primary curves (t.s., dorsal and 
sacral) are not so marked. In these particulars the Australian 
spine resembles somewhat the spine of a Chimpanxee. 

4. The points of inflexion of the axial curvature of the vertebral 
oolamn, in the ease of the corvico-dorsal transition and the dorso- 
lumbar transition, are placed diflTerently in the Australian from the 
oomsponding points in the European female and the Chimpanzee 

5. In the European the sacral curve is cut off in the most decided 
manner from the lumbar curve : not so in the Australian, lu the 
latter the flrst saoral vertebra just escapes being included in the 
lumbar curve, and the importance of this is centred in the foot that 

* Ou the Multiplication ok Micro-oiganiima." * Roy. Soc. Pvoc./ vol. 40, 1 884^ 
p. 548. 
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in the Ghimpanzee the lumbar curve passes continuously into the 
sacrai region, and involves one, or perhaps two, of its vertebra. 

In connexion with this question, it is lutem^sting to note the close 
associHtiou which the last lumbar vertebra in the Chimpansoo 
exhibits with the sacrum. The intervening disk of cartilage is very 
thin, and quite different from those above it. Farther, it is extremely 
coiTiuKin to find the last lumbar vertebra of the Chimpanzee pro<* 
senling sacral characters and joined by osseous union to the sacrum. 
In the Australian and European the last lumbar and first sacral 
vertebras are well separated from each other by a thick pad of inter- 
vertebral substance, but thei*o is reason to believe that the last 
lumbar vertebra of the Australian more fivquontly exhibits Sacral 
chamctoi’s than the corresponding vertebra of the Eai*opunn. 

d. A single glance at the tracing obtained from the mesial section 
of the Australian spine will be sufficient to dissipate any doubt that 
may bo remaining regarding the presence of a lumbar convexity in 
the vertebral column of this race. Not only does it exist, but it 
exists in a very pronounced ^orm. The degree of curvature in the 
lumbar region of the Australian, while it falls slightly short iti that 
winch is st^en in the Chimpanzee, corresponds closely with the 
diigree of curvature in the Eumpean female. At the same time we 
mast not lose sight of the fact that the lumbar curve does not 
consolidate until adult life, and the Australian spine was taken from 
a girl who hod only reached the age of sixteen. It is more than 
ptHjbable, therefore, that the spine in question does not express the 
full amount of cnrvaiui'e of the lumbar region in this nice. 

7. In the Australian, the curvature in the lumbar n^gion is entirely 
due to the strongly wedge-shaped form of the intorvertebnil disks. If 
we 1 orm an index for these, as has boon done for the vertebral bodies, 
tlio amount which they contribute to the curve can be appieciated. 
The following are the indices obtained for the Australian spine, and 
also die average indices of the spines of four Europeans : — 

Lumbo-vertebnl Lumbo-intemrtebral 
index. index. 

Australian lUl'6 49*5 

Four Europeans • • • • 96*3 65*6 

8. In the extended paper the character of the lumbar axial eorve is 
disouBsed, and it is shown to differ materially from that of tho 
European. In both it is composed of the ares of three cirolea The 
parts entering into these, and the lengths of their respeeiive radii 
differ in the two cases markedly. In the Austmlian the lower part of 
the curve is abrupt and sudden ; in the European it is more nzulorm 
throughout, 

9. A sagitto- vertical index of the lumbar vertebrae suggests some 
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interesting points. In calculating this, the sagittal diameter of the 
different vertebral bodies is taken as the stiindard and compared with 
the axial vertical diameter. This index is observed to present a direct 
):«lation to the proportion of bone and cartilage which enters into the 
construction of the lumbar column. Thu higlier the index the 
smaller is the amount of intervertebral substance, and vice vergd. 
This has been tested in the European, Australian, Chimpanzee, 
Baboon, Macaque, and Orang. The European excels all these in the 
amount of cartilage as compared with bone in the lumbar region of 
the vertebral column. In the erect attitude of mfin this greater 
amount of cartilage lessens the shocks transmitted u]) wards through 
the column. In the prone or semi-prone position of the trunk the 
same provision is not so necessary.* 


Presents, January 24, 1889. 
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Professor Q. G. STOKES, D.C.L., President, in the Choir. 

The ProBonts received wore laid on the table, and thanks ordered 
for them. 

The following Paper was read : — 

I. “On homes laemtris^ Linn.” By J. BretLAND FARMER, B.A., 

F.L.S. Commnnicatod by Professor S. H. ViNES, P.H.S. 

Received January 22, 1889. 

The genus Isoetes ImB^been an object of intei^esi to botanists over 
sinoe Hofmeister’s brilliant resoarebeH on the vascular cryptogams, 
but the accounts given by the different observers on the development 
and orgniiogeiiy of the sporophyto are so conflicting, and moreover 
our knowledge of the Kcxual generation is so limited, that a renewed 
investigation of the whole subject seems desirable. In the present 
communication I propose to summarise, as briefly as possible, the 
more iiriportant of my own observations on one species, L lacnetru^ 
to which plant my attention has been directed for some time past. 1 
intend to deal here only with the germination of the macrospore, and 
to reserve details of minor significance, as well as all account of the 
sporophyto, for treatment iu a future paper, as this part of the subject 
requires critical discussion. 

The shape of each raacrospnrc is, ns is well known, that of a tetra- 
hedron with somewhat rounded sides, and the protoplasmic contents 
arc enclosed in a number of coats whicii, in mature Bpocimons, are 
differentiated into six lay ore. Peripherally is the episporinm, a colour- 
less, glassy, and briltle layer, whose surface is beset with numerous 
irregular prominenco.s. The episporium, which is derived from the 
epiplasm of the sporangium, stains with hflematoxylin, though only to 
a slight extent. Within this outer layer is the exosporium, consisting 
of three brown cuticularisod layers, but of which the two outer ones 
are frequently not easily distinguishable as separate coats. The two 
innermost membranes of all, are cellulose in character, and form the 
endosporinm. 

The protoplasm which is contained in the spore includes a largo 
quantity of reserve material, consisting of starch and oil, the latter 
l^ing, however, oHminaied during the process of soaking in turpen- 
tino, to which the spores are snbjeeted previously to thoir being 
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ambodded in paraflBn. A number of sections through each spore were 
obtained by means of the Cambridge rocking microtome, and were 
arranged in series, thus permitting of an examination of the internal 
structure of the spores. The protoplasm, which is remarkably granu- 
lar, is of a spongy textnro (probably due to the extraction of the oil), 
and contains a nucleus of very large size, in which bodies resembling 
nucleoli were in some cases detected. The nucleus is sharply marked 
off from the cytoplasm by a membrane, but of course it must be borne 
in mind that this feature may be caused in part by the methods used 
in embedding. When spores are examined in this stage, tlie proto- 
plasm stains but slightly with heematoxylin, and the tint is inclined 
to red, and even the nucleus is not deeply coloured. In somewhat 
older spores, at the period immediately preceding germination, the 
whole protoplasm stains far more readily and deeply in a given time, 
but a nucleus is no longer differentiated by the heematoxylin, and the 
colour now produced is of a deep blue. As I have frequently had 
spores of different ages on tho same slide, all of which wore subjected 
to exactly similar treatment, this difference in colour may probably be 
taken to indicate an actual diffusion of tho substance of the nucleus 
through the cytoplasm, since the change is always confined to spores 
in the condition referred to. 

This view receives some confirmation from the circumstancos attend- 
ing the formation of the prothallium, now to be described. The first 
indication of cell-division occurs in a somewhat peculiar manner, but 
its significance is rendered clear by what takes place subsequently. 
Before entering upon a description of what actually happens, it may 
be well, in order to avoid possible misconstruction, to state expressly 
the opinion that the characters presented are made visible only by 
the action of the moans necessarily employed in embedding, but Ihis 
does not vitiate the conclusion that they may bo taken as indications 
of internal obanges which actually occur in the protoplasm. In spores 
in which cell formation is about to commence, tbe deeply stnined 
protoplasm is seen to be traversed by a few cracks,*’ which divide 
the contents of the spore into large isolated masses. At this period 
there is nothing to point to the existence of a mombrane, except 
the granular structure which is apparent on the surface of the 
ocaoks, but at a subsequent stage in tho development, one of the sur- 
faces is seen to be bounded by a membrane of extreme tenuity. When 
first formed it can only be distinguished in favourable places, but it 
rapidly grows in thickness, and forms a limiting surface between the 
two protoplasmic masses. From the mode of its formation it can 
hardly arise otherwise than by tbe conversion of a layer already 
present in the protoplasm directly into cellulose, and it appears to be 
the presence of this substance arranged in a definite plate-like manner 
which determines the splitting referred to. The first membrane cuts 
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the spore into an apical and a basal portion, and while the latter 
for some time undergoes no further change, the apical ceU is diyided 
vorj rapidly into a number of cells, whose arrangement can still be 
followed even in quite old prothallia. When the first primary cells 
are furmod, the nuclei are again distingnishable on staining with 
hniziatoxylin, but they are of oxcoodingly small dimensions, and with 
this change the staining capacity of the protoplasm becomes less 
marked. Divisions in all planes proceed yery rapidly in the upper 
(apical) portion of the prothalltum, and the rudiments of the arohe- 
goina are laid down much as in the Marattiacen. Periclinal division 
of single superficial cells into two takes place, the upper of which 
gives rise to the neck, and by repeated division forms tour stones, each 
story being again divided ot^sswise into fonr colls arranged as quad* 
rants of a cylinder. The lower cells form the central series, in. which 
a neck canal cell is cut off, and then a ventral canal cell, from the 
oospbere. The canal cells then thrust themselves between the neck 
cells, and cause a distortion in the two lower stories, which may be so 
great as even to render tftem difficult of recognition. 

Whilst these changes have been taking place in the upper (apical) 
of the two primary colls, the lower (basal) one is dividing, but com- 
paratively slowly, and it is easily ^stiiigaishahle in that the cells 
arising from it remain of a large ske as compared with those formed 
in the upper part of the prothallium, in spite of repeated search 
through a groat number of preparations, it has not been found possible 
hitherto to arrive at a satisfactory conclusion as to the mode of cell- 
division which prevails in the secondary stage, for no karyokinetic 
figures could be detected ; nevertheless, it is highly probable that the 
process does not differ in any important respect f^m that exhibited 
by other plants, and the arrangement of the nuclei about the walls of 
recently formed cells makes this supposition almost a certainty. 

1 have purposely omitted any i^eferenoe to the researches of other 
observers in the present paper, and it was not my object to attempt a 
complete account of my own work, which is still in progress, but the 
results detailed above appeared of sufficient interest to justify the 
appearance of this note. 



16 ^ 9 .] 


On Auto-in/eeiion in Cardiac DimeaBC* 


809 


II. ”On Auto-infection in Cardiac DiaeaBe.” By L. C. Wool- 
dridge, M.D., D.Sc., ABsistant Pliysiciau to (ruy’s Iloapital. 

* Communicated by Professor Victor Horsley, B.S,, F.RS. 
(from the Laboratory of tue Brown Institution). Received 
January 24, 1889. 

In 1886 I described to the Royal Society* a substance, one of the 
most noticeable features of which was that it caused intm vascular 
clotting when injected into the circulation of an animal, lu suhse- 
quent publications 1 have further described the action of this 
substance, or rather group of allied substances, and speak of them os 
fibrinogens. 

In particular, I pointed out in my papers in du Bois-Reyniond's 
* Archiv,’ 1886, and in Ludwig’s * Festschrift,* 1887, that the lymph 
and chyle contained this substance. More exactly I had found that 
the fluid of lymphatic glands, freed from all form elements, pos- 
sessed precisely the same action as the fibrinogens, and that the 
fibrinogen was the active substance in this fluid. The lymph con- 
tained in serous cavities does not contain this body, hence it is 
probably formed in the lymphatic glands. Dr. Kruger, f ass m tan t to 
Professor Alexander Schmidt of Dor pat, has disputed the con^cctness 
of these observations. But 1 am absolutely certain, from a repetition 
of my experiments, an account of which I have publislied elsewhere,^ 
that Dr. Kriiger is in eiror, and that my original obsei-vatioiis were 
correct. 

In the present paper I endeavour to show the light which further 
experiments have thrown on tliis question, and to point out the 
pnibably great importance which fibrinogen intoxication plays in m 
large and important class of disease, particularly cardiac disease. 

For the purpose of my experiments I have used mainly the thymus 
gland, as the fluid and the fibrinogen of the thymus is quite similar to 
that of lymphatic glands, and is more easily obtained. 

Experiment 1. 

The half per cent. KaCl fluid of the thymus, perfectly fresh, the 
cells completely removed by the centrifuge. The fluid rendeied 
faintly alkaline with Na^COg. 

Dog I. — Weight 19 lbs. Injected rapidly into the jugular vein 
8 O.C. of the fluid. Dog killed. The portal vein was thrombosed, 

* *** On IntavsMmlar Clotting,^ and Croonian Lecture Ahstraet, Apr. 8, 1888, 

i' Kv««er, ^ ZeitMhrift fUr Biologie.* 1887, Heft 8. 

i * On the Nature of Coagidatton * (pamphlet, London, 1888). 
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thn clot commencing in the middle of the portiil tninlc, and extend* 
ing into all the branches of the portal in the liver. 

Dog 11. — Weight 16 lbs. 7*5 c.o. of the fluid injected, bnt ten 
times dilated with alkaline salt solution. The injection was slow, 
taking from three to four minutes. The dog was killed. Thera was 
absolutely no trace of clotting in any vessel. 

As regards diet the auimuls were in similar conditions. 

Experiment 2 . 

Used the watery extract of thynins, precipitated with acetic acid, 
and the solution of this precipitate in alkaline half per cent. NaCl 
injected. 

Dog I. — Weight of dog, 14 lbs. Injected rapidly 7 c.c. of solution. 
The animal ceased to breathe instantly and never breathed again. 
The heart continued to beat for several minutes. The right heart, the 
whole of the pulmonary artery and veins, and the left heart one solid 
clot. 

Dog II. — Weight of^dog, 134 lbs. 7 c.o. of the same solution 
injected, but diluted ton times with alkaline salt solution ; the injec- 
tion alow, occupying throe to four minutes. Dog killed. Absolutely 
no trace of clotting anywhere. 

It is seen from the above experiments that a substance added 
rapidly to the circulating blood produces a pronounced effect; added 
comparatively slowly and diluted, but in the Rame quantity projxn** 
tionate to the weight of the animal, it produces no effect at all. 

The obvious effect may be local, ».e., occur where the sudden 
admixture of fluids takes place, t.e., in the heart ; or it may be remote 
and take place in the portal vein. 

The phenomenon appears to resemble somewhat the so-oulled 

mass influence ” (moMenwirkung) of chemists. 

A sudden admixture of a auifleient quantity of this sulistanoe with a 
given quantity of blood poisons the blood; the same conditions would 
be produced if instead of the injection being sudden the blood were 
circulating more slowly. In this case, also, a given quantity of the 
blood would in a given time receive a larger quantity of the fluid 
than if the blood were rapidly circulating. For the present 1 am 
speaking of the blood being affected by its showing an obvious 
change, that is clotting ; and I know, from previous experiments, that 
to produce this change a certain quantity of the fibrinogen must be 
added to the blood, t.e., the larger the dog, and consequently the more 
blood, the more of fibrinogen most be injected. 

The present experiments show that to affect the blood a certain 
qaantity of the substance must reach the blood within a given time, 
and this efTcct may obviously be obtained either by rapid injeotion or 
by the currant of blood being slow in the neighbourhood of the vessel 
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used for injection. I ftm therufore inolinod to explain the fact that 
the lymph does not normally poison the blood because it runs into the 
blood slowly whilst the blood cironlates rapidly. In a normal state, 
tlierefore, the conditions which must exist for a fibrinogen in toxica* 
ion do not prevail. 

I hare above used the term ** poison the blood " ; it will be advan- 
tageous for me to explain this expression. 

Tlie admixture of fibrinogen and blood may obviously affect the 
latter, by causing it to clot or by preventing its clotting (vide previous 
papers),* but it produces other changes than these which are not so 
directly perceptible. The nature of these changes will be scon from 
the following: — Tf in a noimal dog the femoral vein be ligatured 
there is no obvious effect produced, t.e., there is no oedema of the leg. 
If, however, some solution of fibrinogen be injected into the circula- 
tion through the jugular vein and the femoral be then ligatured, the 
effect produced is most pronounced, and is as follows: either the 
most extensive and rapidly developing simple oedema of the leg occurs 
or an enormous haemorrhage per diapede^in"* takes place throughout 
the tissues of the limb ; or the two are combined — there is haemorrhage 
and (edema. 

The injection of fibrinogen, t then, in addition to the obvious effects 
of clotting or delay in clotting, produces a totally disturbed relation- 
ship between the blood and the vascular wall, since, after the injection, 
a slight mechanical disturbance to the circulation causes a greatly 
inci'eased exudation of the fluid of the blood, or this associated with a 
free passage of the red corpusoles. The tendency the injection hss 
to cause hemorrhage 1 have already pointed out in a previous publi- 
cation,^ the fact that it produces a simple but severe and sadden 
oedema is new. Now, to produce this altered state of the blood, 
leading to oedema, the same conditions of admixture of blood and 
fibrinogen are necessary, i.e., the admixture must be rapid. 1 will 
illustrate this by an experiment. 

Experiment 3. 

Used the NaCl fluid of thymus free from cells. 

Dog I.— Weight 17 lbs. 12 c.c. of solution rapidly injected into 
the jugular. Bight femoral vein tied close to Poupart ligament. 
Dog killed the next day. The portal system thrombosed. The whole 

• “ Intravasoular Clottiug.** ' Boy. Soo. Proc.,* 1886 1 Boitrtge lur Fnge der 
Oerinnung,'* 'du Boi»-Beymond, Arohiv,' 1888 1 “Ueber Sohutsimpfung auf 
ChfmiMhem Wego,” * du Bou-Reymond, Archiv,* 1888. 

t fibrinogen used to produce this effect omy be lymph fibrinogen, tissue 
fibrinogen, or oertain varieties of blood flbrmogen. 

t Wooldridge, "On Hsmorrhagio Infbrotion of the lAver," * Pathol. Soo. Pn>o.,* 
1888. 
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riflrht lefit exfiromely osdematous. Large hflBmorrhagee over upper part 
of leg and lower part of abdomen. 

Dog II.--17 Iba. 12 c.c, of solution injected, but ten times dilnted, 
and injection lasting five minutes. Femoral vein tied close to liga- 
ment. Dog killed next day. No trace whatever of clotting nny where. 
Leg absolutely free from the slightest trace of oedema or heemorrhage. 

So far as my observations go, the tendency to cedema is the first 
symptom of fibrinogen intoxication, t.6,, it is more easily produced 
than any other. 

One of the most important features in these observations lies in 
their relationship to many important diseases. 1 have pointed out 
the conditions which must prevail to produce a fibrinogen intoxica- 
tion. It is improbable that diseased conditions are often set up by a 
sudden large flow of lymph into the blood ; but it is certain that the 
other conditions, the slowing of the ciraulation in the neighbourhood 
of the thoracic duct, is a common incident, particularly I may mention 
valvular disease of the heart and obstruction to the circulation 
through the lungs, as conditions which necessarily produce this result. 
It is a dogma of medicine that cardiac dropsy as a symptom of cardiac 
failure, is due to the mechanical obstruction of the circulation. My 
observations load me to the conclusion that the danger in cardiac 
disease is fibrinogen intoxication ; and that the symptoms of cardiac 
disease— r.g., dropsy, formation of intravascular clots, haetnorrhagio 
infarction, fever, &c , — are largely dependent on this condition. 


Pretmiiit January 31, 1680. 

Transactions. 

Amsterdam Koninklijko Ahademie van Wetenscliappen. Yer- 
handelingen (Lotterkundo). Deel XVII. 4to. Amsterdam 
IbSb; Verhandelingen (Natnurkunde). Deol XXVI. 4to. Am* 
sterdam 1868. The Academy. 

Koninklijk Zoologisch Oenootschap ‘Natnra Artis Magistra.' 
Bijdragen tot de Diorknnde. Afievering 14-16. 4to. Amsterdam 
1687-88 ; Feest-Nummer uitgegeven bij Gelegenheid van bet 
50-jarig Bostaau van het Oenootschap. 4to. Amsterdam 1888. 

The Society, 

Brussols : — Acad^mio Boyale des Sciences. Annuaire. 1889. 12mo. 
Bruxelles, The Academy. 

Buitenzorg;— dardtn Botonique. Annales. Vols. II, 111, IV, V, 
VI. Parts (respectively) 2, 1, 1-2, 1, 2. 8vo. Leide 1886-^7. 

Dr. Treub. 

Calcutta; — Asiatic Society of Bengal, Journal. 188S. Nos. 1-2, 
8vo. Odlcuitai Proceedings, 1888. Nos. 2-8. 8vo. Calcutta, 

The Society. 
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Jena : — Medmniach-NaixirwififleiiscHaftUohe OeHcllBchaft. Jouaiscbe 
Zeitschrift. Bd. XXIII. Heft 1. 8vo. Jena 1888. 

The Society. 

London Clinical Society. TrananotionH. Vol. XXI. Supplement. 

8 VO. London 1888. The Society. 

General Medical Council. The Medicnl Regiater. 1888 8vo. 
London \ The Dentista Register. 1888. 8vo. Tendon \ The 
British Pharmacopoeia. 1885. [Reprint.] 8vo. London 1888. 

The Conncil. 

Manchester; — Geological Society. Transactions. Yol. XX. Parti. 
8vo, Jfanc/ies^er 1888. 

Tho Society. 

Mexico : — Sociednd Cientifica “ Antonio Alzate." Momorias. Toino 
II. Nam. 4. 8vo. Mejtirjo 1888. The Society. 

Montpellier ; — ^Acad^mie dcs Sciences et Lettres. Mi^moires. (Sec- 
tion dea Lettres.) Tome VIII. Fasc. 2. 4to. Montpellier 1888. 

The Academy. 

Netherlands: — Nederland sche Botanische Vereeniging. Vorslageu 
en Medodeelingen. Deel Y. Sink 2. 8vo. Nijmegen \HHS. 

The Netherlands Legation. 
Newcastle-upon-Tyne ; — North of England Institute of Mining and 
Mechanical Engineers. Transactions. Vol. XXXVII. Part IS. 
8 VO. Newcafttle 1888. The Institute. 

Now Haven ; — Connecticut Academy of Arts and Sciences. Trans- 
actions. Vol. VII. Part 2. 8vo. New JIaven 1888. 

The Academy. 

New Orleans : — Academy of Sciences. Papers. Vol. I. No. 2. 8vo. 

New Orleans 1887-88. The Academy. 

New York : — Academy of Sciences. Annals. Vol. IV. Nos. 3-8. 
8vo, New York 1888; Transactions, Vol. VII. Nos. 1-8. 8vo. 
New York 1887-88. The Academy. 

American Geographical Society. Bulletin. Vol. XX, Nos. 2-4. 

8 VO. New York, The Society. 

American Museum of Natural History. Annual Report. 1887- 
88. 6vo. New York, Tho Museum. 

Cooper Union for the Advancement of Science and Art. Annual 
Report. 1888. 8vo. New York, Tho Union, 

Paris : — ficole Normale Snp6rieure. Annales. Tome V. Nos. 6-12. 
4to. Pans 1888; Table des Matidres, 1864*1883. 4to. Pans 
1886. The School. 

Museum d'Histoire Naturcile. Nonvelles Archives. Tomes IX-X. 

4to. Paris 1887. The Museum. 

Soei^ de 04ographie. Bulletin. Tome IX. Trim. 3. 8vo. Pans 
1868. Tho Society. 
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Soci^ti Fran 9 aise de Physic^ae. S^uncos. Janvier — ^Mai, 1888. 

8vo. Paris. The Society. 

Soci6t6 G^ologiqno do Franco. Bulletin. Tome XV. No. 9. 

Tome XVI. Nob. 2-7. 8vo. Paris 1888. The Society, 

Soci6t6 Math^mathiqne de France. Bulletin. Tome XVI. Nos. 
4-5. 8 VO. Paris 1888. The Society. 

Philadelphia: — Academy of Natural Sciences. Journal. Vol. IX, 
Fart 2. 4to. Philadelphia 1888. The Academy. 

Rome ; — Roalo Comitato Ueologioo d'ltalia. Bollettino. 1888. Nos. 

9-10. 8vo, Eoma. The Comitato. 

Rotterdam : — Society Batavo de Philosophie Exp^rimentale. Pro- 
gramme 1888. 8vo lUotferdam,] The Society. 

St. Petersburg : — Academic Impcriale dcs Sciencos. M^moires. 
Tome XXXVI. Nos. 6-11. 4to. St Peiersbounj 1888. 

The Academy. 

Salem (Mass.) : — Essex Institute. Proceedings. Vol. V. No. 4. 

8 VO. Salem The Institute. 

Shanghai : — Royal Asiatio Society (China Branch). Journal. Vol. 

XXII. No. 6. 8vo. Shanglhai \%%1 . The Society. 

Stockholm : — Kongl. Vetenskaps-Akademie. Ofversigt. Arg. 45, 
No. 9. 8vo. Stockholm 1888. The Academy. 
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Journal of Comparative Modiciuo and Surgery. Vol. IX. No. 3. 8vo. 

Philadelphia 1888. The Editors, 

Medico-Legal Journal. Vol. TV. No. 4. Vol. VI. No. l. ‘8vo. New 
York 1888, The Medico-Legal Society, New York. 

Mittheil ungen aus der Zoologisclien Station zu Neapcl. Bd. VIII. 

Hefte 8-4, 8vo. Jhrlin 1888. Dr, Dohrn. 

Naturalist (The) Nos. 161-162. 8vo. London 1888-89. 

The Editors. 

Pmee Matematyezno-Fizyezne. (Mathematical and Physical 
Papers.) Wydawano w Warszawio, Tom, I, 8vo. Warssaiva 
1888. The Editors. 

Revista de Minas. 1888. Num. 6-12. 8vo, Bogatd. 

The Agencia de Minas. 
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Imperial Observatory, Rio de Janeiro. 
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February 7, 1889. 

ProfesHor O. G. STOKES, D.G.L., Presideat, in tlie Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read ; — 


L “Second Series of Results of tho Harmonic Analysis of 
Tidal Observations.*' Collected by G, H. Darwin, LL.D., 
F.R.S., Fellow of Trinity College and Plumian Professor 
in the University ot Cambridge. Received January 18, 
1889. 

[Publication deforrod.] 


II. The Principles of training Rivers through Tidal Estuaries, 
as illustrated by Investigations into the Methods of 
improving tlie Navigation Cliannels of the Estuary of the 
Seine.” By Levbson Pranois Vernon-IIaroourt, M.A., 
M.lnst.C.E. Communicated by A. G. Ybrnon-Uaroourt, 
F.R.S. Received January 19, 1889. 

[Publication deferred.] 


III. “ Note on the Spectrum of the Rings of Saturn.” By J. 
Norman Lockter, F.R.S. Received and read February 7, 
1889. 

The acknowledged meteoritio constitution of the rings of Satnm 
rendered, it important to obtain a photograph of their speotnun, in 
order that it might be determined whether collisions there were of 
Koffleient intensity to produce incandescent vapours. It has long 
been known that the rings appear much more luminous than the 
planet, and the magnificent photographs obtained the Brotbera 
Henry show that this is truer for the blue light than for the visual 
rays. 

t The weather has been so bad that only one long exposure photo- 
graph has been taken. Although the instrument was not in perteefc 
VOL. XLT. 
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adjnstment, owing to a recent accident, I eubmit it to the Society 
beoanee there appears to be eridenoe of bright lines in the photograph* 
It is altogether too early to announce this as an established &ot, 
but I think it well to send in this note, in order that other observers 
with more powerful optical appliances and a better climate than that 
of London may investigate the qnostion. 

The photograph exhibited was taken on tho 2nd instant by 
Mr. Porter, Compnter to the Solar Physics Committee. The instm- 
ment employed was the 10-inch eqnatorial of the Science Schools, 
and a spectroscope of two prisms of 60°. 

Other considerations point to the possibility that bright lines or 
bands may be found in the spectrum of Uranus. 


TresentSy February 7, 1889. 

Transactions. 

Amsterdam : — Koninklijke Akademie van Wetenschappen. Jaar- 
boek. 188^87. 8vo. Amsterdam; Yerslagen en Mededoel- 
ingcn (Letterkunde). Beel IV. 8vo. Amsterditm 1887. Ditto 
(Natuurkunde). Deel III-TV. 8vo. Amsterdam 1887-88; 
Catalogue dor Vorzamelingen Bilderdijk en Van Lenuep. 8vo. 

Amsterdam 1887, The Academy. 

Helsingfors : — Societas pro Fauna et Flora Fennica. Acta. 
Vols. III-IV. 8vo. Helsingfors 1880-88 ; Meddelanden. 

Vol, XI V. 8vo. Helsingfors 1888. The Society. 

Liverpool : — Astronomical Society. Journal. Vol. VH. No. 2, 
8vo. Liverpool 1888. The Society. 

London : — Iron and Steel Institute. Journal. 1888. No. 2. 8vo. 
Lotidon, The Institute. 

Pharmaceutical Society of Great Britain. Calendar. 1889. 8to. 

London, The Society* 

Quekett Mici'oscopical Club. Journal. Vol. III. No. 23. 8vo. 
London 1889. The Clnb, 

Melbourne ; — Royal Society of Victoria. Transactions. Vol. I. 
Fart 1. 4to. Melbourne 1888 ; Transactions and Proceedings. 
Vol. XXIV. Parts 1-2. 8vo. Melbourne 1887-88, 

The Society. 

Moscow: — Sooidtd Imp^riale des NaturaHstes. Bulletin. Ann^e 
1888. No. 3. 8vo. Mosoou, The Society. 

Penzance : — Royal Geological Society of Cornwall. Transactions. 

Vol. XI. Part 3. 8vo. Penzance 1889. The Society. 

Pesth: — Acad4mie Hongroise des Sciences. Almanaoh. 1888. 
8 VO. Budapest; Ungarisohe Revne. 1887. Heft 8-10. 1888. 
Heft 1-6, 8vo. Budapest, With various other publioatians of 
the Academy. The Academy. 
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TransactiouB {m^tinued). 

Sydney; — ^Australian MaRentn, Descriptive Catalogue of the 
Sponges in the Museum. By B. von Lendenfeld. 8to. 
London 1888; Catalogue of the Fishes. Parti. 8vo, Sydn&y 
1888. The Museum. 

Linnean Society of New South Wales. Proceedings. Vol. HI. 

Parts 1”2. 8vo. Sydney 1888. The Society. 

Royal Society of New South Wales. Journal and Proceedings. 
Vol. XXII. Part 1. 8vo. Sydmy 1888. The Society. 

Toulouse ; — Acad^mie dos Sciences. M^moires. Tome IX. 8vo. 

Touhnse 1887. The Academy. 

Turin ; — B. Accadomia dolle Soienze. Atti. Vol. XXIII. Disp. 11- 
15. Vol. XXIV. Disp. 1. 8vo. Torino 1887-89. 

The Academy. 


Observations and Boports. 

Adelaide: — Public Libraiy, Museum, and Art Gallery of South 
Australia. Beport. 1887-88. Folio. Adelmde. 

. The Board of Governors. 

Brisbane : — Meteorological Office. Preliminary Beport of the 
Government Meteorologist. 1887* Folio, Brisbane 1888. 

The Government of Queensland. 
Begistrar-General's Office. Vital Statistics, Queensland, 1887. 
Folio. Brisbane 1888. The Registrar- General. 

Brunn : — ^Meteorologische Commission des Naturforschenden 
Vereines. Berioht. 1885. 8vo. Briinn 1887. 

The Commission. 

Cadiz : — Observatorio de Marina de San Fernando, Anales. 
Observaolones Metegroldgicas. Aho 1867. l>to. San Fernando 
1888 ; Almanaqne N&utico para 1890. 8vo. Madrid 1888. 

The Observatory. 

Cambridge (Mass.) ; — Harvard College Observatory. Annals. 
Vol. XVIII. No. 6. 4to. [Cambridge 1888]; Annual Beport, 
1888. 8vo. Cambridge. The Observatory. 

Colombo: — Museum. Beport, 1887. Folio. [Colombo'] 1888. 

The Museum. 

Dorpat Stemwarte. Meteorologische Beobaohtongen. Mai — 
Jnni, 1888. 8vo. [Bor^pat]. The Observatory. 

DunEoht: — Obsorvatoty. Ciroulars, Nos. 165-167. 4to. [Sheet.] 
1888-89. The Earl of Crawford, F.R.S. 

India Geological Survey. Bibliography of Indian Geology. 
Preliminary Issue. By B, D. Oldham. 8vo. Cadewtta 1888, 

The Survey. 

International Polar Ezpeditions: — Expedition Suddoise, 1882-88. 
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818 Mr. J. Hopkinson. 

Obserrations, &c. (j&ontinued). 

ObserratioDB faites aa Cap ThordBen, Spitzberg. Tome IT. 
Fasc. 2-4. 4fco. Stockholm 1887. 

The Meteorological Office, London. 
Kiel : — Commission znr Untersnchung der Deutschen Mecro. 
Ergebnisse derBeobachtnngsfitationen. Jabrg. 1867. Heft 7-9. 
Obi. 4to. Berlin 1888. The Commission. 

London; — Navy Medical Department. Statistical Report. 1887. 
8vo. London 1888. The Department. 

Stationery Office. Voyage of H.M.S. “ Challongep.’' Report. 
Zoology. Vol. XXIX. Text and Plates. 3 toIb. 4to. London 

1888. The Office. 
Lyme Regis : — Ronsdon Observatory. Observations. 4to. [Sheet.] 

1889. Mr. C. B. Peek. 
Manchester: — Pnblic Free Libxariea. Annual Report. 1887-88. 

8vo. MancheHer, The Committee. 


February 14, 1889. 

Professor 0. 0. STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read 

I. Magnetisation of Iron at High Tempemtures.” (Preliminary 
Notice.) By J. Hofeinsok, F.R.S. Received January 30, 
1889. 

I have recently been making some determinations of the curves 
of magnetisation of iron at varying temperatures up to that at 
which the iron ceases to be magnetic. Although the experiments are 
still progressing, some of the results are of sufficient interest to be 
worth publishing briefly at once. 

The method of experiment was identicid with that which I used 
for a sample of nickd about a year ago. The temperatures are osii* 
mated by the resistance of a copper secondary coil, and as there may 
be some uncertainty as to what temperatures the several resistances 
correspond with, I giro in the curves which follow the resistance 
observed as well as the temperature estimated. 
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Curve I showB the relation of indaction to magnetising force at 
the ordinary temperature^ the resistance of the secondly coil 
being 0‘692 ohm. The curve is given to two scalos, the scale of 
indaction being the same in each, whilst the scale of magnetising 
force is magnified twenty *fo1d in the one as compared with the other. 
Curve II shows the same relation for a temperature of 697° C. to 

700 ** a 

Curve III shows the same thing for a temperature between 727° C. 
and 720° G. 
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These cnires illustrate 'vrhat has been long known, that rise of tem- 
pwatare causes increase of indnction if the magnetiauig force is 
small, but diminution of induction if the force is great. 


In Curve IT the absoissso are temperatures, the ordinates are the 
ratios of induction to magnetising force or permeabilities for a force 
of 4*0, and of 0*3 C.O.S. units, the data being supplied from the 
preceding and other curves. The latter curve brings out a most 
remarkable feature. For this force the permeability ^creases some- 
what steadily to a temperature of about 64^” C., its rate of increase 
then rapidly aoceleratos, till it attains a maximum of 11,000 at a 
temperature of 727^0.; at 737^0. the permeability is practically 
unity, or the magnetisability of the material has entirely disappeared. 

Regarding the iron, as made up of magnetic molecules the axes of 
which are directed to parallelism by magnetio forces, the results aro 
expressed by saying that the magnetio moment of t^e molecule 
diminishes with rise of temperature, at first slowly, but very rapidly 
as the point is approached at which magnetism disappears ; on the 
other hand, the facility with which the particles are directed con- 
tinually inoreases, at fint slowly, but at high tempan^ures very 
rapidly. The effect is that at a temperature of 720° 0. an exceedingly 
small force is competent to turn the axes of nearly all the molecules 
in a direction piurallel.to the magnetising force. 

The estimatM of temperature given herein must be accepted as 
provisioni^ and sulg^t to revision. The actual temperatures are 
uudoubtedly nsatniallj higher, as I ho^e not yot. tajeen into account 
the part of the seoondaiy wire outside the ftirnaoe. 
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[If an iron ring whioli liaa never been xnagnetiaed baa its carve of 
magnetbatLon determined for an ascending aeries of forces, if it bo 
then thorongbly demagnetised bj a saocesaion of z^eversed cnrrents of 
deaoendiug intensity, and the curve of ixuignetisation is redetermined, 
I find that the two curves differ materially. The demagnotiaing 
currents do not reduce the iron to its virgin state. For small forces 
the second curve is below the first, indicating less induction for the 
same magnetising force ; for medium forces the second curve is above 
the first, whilst for large forces the two curves agree. 

If a ring be heated with a current through the primary coil and the 
heating be continued till the ring has ceased to be magnetic, if then 
the current be stopped and the ring be allowed to cool, I find that 
the ring is not entirely demagnetised by the heating, but that it 
recollects its state of magnetisation before heating. It would seem 
that the maguetio molecules of the iron, having been directed by the 
magnetising force whilst they were magnetic, retain in part their 
direction when they have ceased to he magnetic by heating, and that 
when they again b^me magnetic by cooling its effect is apparent. — 
February 14, 1889.] 

I have tested a sample of manganese steel, and find that at no tem- 
perature above the normal temperature does it become substantially 
magnetic. 


II. “ On a Series of Salts of a Base containing Chromium and 
Urea.— No. 2.” By W. J. Sell, M.A., F.LC. With 
Crystallographic Determinations by Professor W. J. Lewis, 
Cambridge. Communicated by Professor G. D. liVElKQ, 
F.R.S. Received February 1, 1889. 

In a former paper (‘ Roy. Soc. Proc.,' vol. 33, 1882) a number of 
salts were described derived from a base formed by a combination of 
chromium with urea. It was stated that the chief product of the 
regulated action of chromyl dichloride on diy urea, and subsequent 
treatment with water, is a green crystalline powder, insoluble in 
alcohol, ether, or chloroform. The compound thus obtained oontainB 
chlorine as an essential component, while, as noted, the product of 
crystallisation from hot water is the pure diohromate of the base. At 
the date of the previous publication the nature of this green salt, as a 
preliminary to the study of the reaction by which it is produced, was 
under investigation. The present paper deals with these subjects,' 
and describes a number of additional s^ts of the base. 

The failure in the attempt to purify the green salt by crystallisa- 
tion from water, added to its insolubility in all other available neutral 
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menstma, rendered it advisable to make some preliminary analytioal 
determinations on the different samples of crude wcll-vrasbed sub* 
stance. From the results obtained it was evident that the salt was 
either a ohloroohromato of chromium nrea, or a compound of the 
diohromate and chloride, a conclusion which at once harmonises with 
its genesis, and suggosts the trial of dilute hydrochloric acid as a 
possible vehicle for its purification by crystallisation* The purification 
by dilute hydrochloric acid containing one volume of strong acid to 
nine of water, was successful, the numbers obtained on analysis being 
substantially tbe same as those obtained from the crude well-washed 
product of the reaction. The analytical results were satisfied by 
either of the formnle — 

( 1 .) 

or (2.) {(CON*H4)i*Cr*}|gg3ci2H*0- 

a 

The latter, however, is regarded as very improbable. 

It is difBcult to believe that a chlorochromato in fine powder can 
withstand the action of water for weeks without appreciable change. 
The fact also that the hydrochloric acid used in its recrystallisation 
may be replaced by metallic chlorides, such as those of sodium or 
potassium, is against the second formula. Moreover, the decomposi- 
tion effected when the salt is recrystaliised from water, may be cited. 
A ohlorochromate having the formula given in (2) should normally 
decompose, according to the equation — 

{(C0N«H*)»Cr,}2gjg301+H»0 = 2HCl+{(CON*H4)»Ci-)2Cj^, 

wbereu tbe decomposition effected bj water is of a totally different 
ebaiMter, and may be represented thns : — 

= 2{(C0N»H*)KCr*}(Cr*07)» 

+{(CON»H*)“Ci*}Cl* 

These facts may be regarded as condnsive that formula (1) is the 
more oozrect representation of this compoundi which may be called — 

IHchhjrdichriymaie of Chromium Urea* 

Tbe fidlowing reaalta were obtained on analyais 

Tbe samples employed were dried by ptesanre bstween bibolons 
paptr. 
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1. 0*4658 gram gate on oombnstion 0*18025 gram CO* and 

0*168 gram water. 

2. A modification of Liebig’a prooeas gave equal Yolumes of GO* 

and N. 

3. 0*4005 gram precipitated hy merourouB nitrate gave 0*0906 gram 

Cr*0». 

4. 0*5204 gram, treated as in 3, gave 0*1199 gram Cr*0*. 

5. 0*4925 gram dissoWed in H*0, excess of El and HCl added, and 

the iodino titrated with thiosulphate, required 44*6 o.c. ; each 

C.C. thiosulphate =s 0*00828 gram CrO*. 

6. 0*374 gram reduced by snlphurous acid, excess of latter expelled 

by heat, AgNO* added, and the whole strongly acidified with 

HNO*, gave 0 0789 gram AgCl. 

7. 0*4554 gram, treated as in 6, gave 0*09853 gram AgCl. 

8. 0*42415 gram lost invactio over H^SO^ 0*0114 gram H*0. 

9. 0*3243 gram lost at 100^ C. 0*00845 gram H*0. 

10. Two separate experiments gave 33'68 per cent. Cr^O* on ignition. 

Deducting Cr found as CrO*, gives 7*56 per cent. Cr. 

The crystals have a distinct oblique habit, but are very ill 
developed, and few of the planes are truly parallel, or in their true 
sones. The measurements and elements are, therefore, but approxi- 
mations. They wero obtained from six of the best crystals t could 
find. The crystals arc dark green and have a fairly good cleavage, 
n(IOl), perpendicular to the plane of symmetry. 

The system is oblique, and tho elements are (100, 101) = 49^ 2^; 
(010, 111) = 45“ 6' ; (101,001) = 35® 20'. 

The planes observed are a(lOO), 7(101), c(OOl), n(IOl), and m(llO). 
The planes I are generally those most largely developed. 



Calculated. 

Observed 

means. 

Extremes. 

(tl . • • 

0 t 

.. 49 2 

h I'o 

& 3''5— 60 iV 

ac .... 

..84 22 

84 13 

82 14-84 51 

cn . . . . 

. . 39 30^ 

39 20 


nuj . . . . 

.. 56 7i 

55 59 

55 34^6 22 

am ... . 

.. 59 45 

59 37 

58 46-61 19 

mmy . . 

.. 60 80 

59 51 

57 56—60 33 

ml .... 

.. 70 43 

70 0 


mo .. .. 

. . 92 50 

92 44 


.... 

. . 78 41^ 

73 1^ 
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The qaostion naturally arises, the compound last considered 
the initial chief product of the reaction of chromyl dichloride on urea, 
or is it produced from this compound by interaction with the water 
added subsequently P As at the present time difficulties, which seem 
iusnnnoan table (see below), attend the direct determination of this 
question, and as, moreover, it was suspected that the salt above 
described is the product of the action of water on the chlorochromate 
of the base, it was determined before proceeding further to attempt 
the isolation of such compounds. With this object in view an in- 
vestigation was made of tlio action of aqueous hydrochloric acid on 
the compound last considered. As mentioned above, the diohlordi- 
chromate crystallises out unaltered from a hot solution containing one 
volume of strong acid to nine of water. If, however, the quantity of 
acid to water bo increased to one in six, a salt orystallises out as the 
solution cools in brownish-yellow crusts of small crystals. When a 
much stronger acid than one in six is used, the product is a mixture 
of the brown-yellow salt and green noodles of the chloride. The 
examination of this brown-yellow compound showed it to bo the 
dichlortetrachloroohromato of the base having the composition — 

{ (con*h*)«Cp»} 

formed from the dichlordichromate by the following phango 

The colour of tbe new salt presents a striking contrast to that of 
the preceding compound. With the exception of the acid of the 
strength from which it has been crystallised, it is either insoluble 
in, or decomposed by, all the usual sulvcnts. With alcohol 
the chloride of the base is formed, and the usual products of tbe 
action of chromio acid on that reagent. Water effects immediate 
decomposition, the colour changing to the characteristic dark green of 
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the diohlordiohromate,' hydroelilorio Mid being et the siune time set 
free, thnB : — 

{(C0N«H*)«CrS}JC'^‘01+2H*0 * {(CO»»H*)«Cr9}*^ji‘°V4HCl. 

It is oxtromclj probable that tbis salt is the chief initial product of 
the reaction between chromji diohloride and urea, and that the subse- 
qnent addition of water decomposes it, as shown by the preceding 
equation. Granting that a chlorochromate is formed (and os the 
reaction takes place in presence of excess of chromyl dichloride, it is 
difficult to resist this conclusion), the only salt of this character 
which would normally decompose by water with production of the 
dichlordichromato, is the compound under consideration. 

The following results wore obtained on analysis. The numbers 
refer to the dry salt, unless stated to the contrary : — 

1. 0*473C gram salt gave 0*28333 gram AgCl. 

2. 0*7050 „ „ when precipitated with mercurous nitrate 

and tha precipitate ignited, 0*14928 gram Cr^O^. 

3. 0*3938 gram salt, dissolved in dilute KOI, excess of KI added, 

and the iodine titrated with thiosulphate, required 33‘4 c.o. ; 
each c.c. thiosulphate s 0*0032459 CrO^. 

4. 0*14235 gram, titrated as in 8, required 12*2 c.o. same thiosuU 

phate. 

5. 0*4054 gram moistened with alcohol, dried and ignited, gave 

0*12925 gram Ci^O\ Deducting from this tho Cr existing as 
CrO*, gives 10*74 Cr®0*, or 7*000 per cent, Cr. 

6. 1*1153 gram undried salt lost in vacuo over sulphuric acid 

0*03886 gram H®0. 

7. 0*7766 gram undried salt lost at 100^ G. 0*0236 gram H^O. 


Theory. 

Analysis. 



Per- 

centage. 

■ 

2. 

3. 

4. 

6 . 

6. 

B 

C« 

H" 

N« 

QW 

Cr» 



1440 

4eo 

dJ6‘0 
102-0 
104 'S 
401 '6 
213 0 

7-28 

27-90 

X4-70 

8-61 

14 Vs 

27 -68 

27*63 

27’e3 

7*00 

3-48 

8*68 


1439-4 

54*0 

1403 ‘4 
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The direct deoision of aaoh en apparently simple matter as the 
oomposition of the chief initial product of the reaction has, up to the 
present time, been found to be impossible. No reagent or, mixture of 
reagents has been discoTered which at once dissolves any excess of 
materials used and the other products of the reaction, without pro- 
ducing some change in the composition of the chief product. 

A careful examination of the reaction between chromyl dichloride 
and urea was made by taking known weights of the materials, col- 
lecting and measuring the gaseous products, and after the addition 
of water to the residue, estimating the diclilordichromate produced, 
as well as the other products which pass into solution. The dichlor- 
dichromate was then calculated as dichlortetrachlorochromate. 
Without going into a mass of detail, it may be stated that the results 
of the examination gave numbers very nearly agreeing with the 
equation — 

13C0(NH*)*+9Cr09Cl* = {(C0NSH*)WCia}J5’'*^’®^ + Cr»CI« 

+H*CrOH H»0 + CO*+N«+3CI*. 

With regard to the preparation of those substances, it may bo well 
to note that the reaction of chromyl dichlorlde on urea succeeds best 
in narrow test-tubes, working with about 3 grams of urea. On a 
larger scale the reaction becomes very difficult to control, and decom- 
position more or less complete is very liable to ensue. On the other 
hand, unless the i*eaction is fairly vigorous and the temperature 
allowed to rise, little or none of the compound is produced. 

A considerable amount of time has been taken up in attempts to 
prepare this class of compounds by some modification of tlie above 
process which should present loss complexity, and thus ofier Eomo 
hope of arriving at their constitution. Passing over the unsaccessful 
attempts, it was discovered that the dichromate of the base may be 
obtained by the action of chromic acid on area. In the month of 
September of last year three separate portions of nearly equal 
weights of urea and chromic anhydride wore dissolved in a small 
quantity of cold water, the soluttons covered with filter-paper, and 
allowed to stand at the ordinary temperature. 

On examination in March the solutions had changed colour, become 
quite thick from evaporation, and on addition of water a small quan- 
tity of sparingly soluble green crystals were found to be left. These, 
when separated and reorystallised from hot water, had all the cha- 
racters of the dichromate of the base, and gave on ignition 41 ‘32 per 
cent, of Cr^O^, against 41*43 as required by theory for the diohro- 
mate. It was subsequently found that the dichromate may be formed 
in some quantity by ovapomting the aqneons solntious of the mixed 
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substances at about 60^ 0, The nature of this change is at present 
under investigation. 

In addition to the foregoing, the following new compounds have 
been oxaminod : — 


The Ghrom iie* 

This componnd separates from a warm saturated solution of the 
dichromate, cautiously neutralised with ammonium carbonate, in long 
dark-green needles. The crystals are very efflorescent, and rapidly 
become opaque fi'om loss of water. They are sparingly solnble in 
cold, more readily in hot water, undergoing at the same time slight 
decomposition, with separation of brown flocks of chromic chromate. 
The salt is insoluble in alcohol, ether, carbon disulphide, and benzene, 
and has the composition (C0N*H‘)^*Cr23Cr0‘‘4H30, 

The following results wore obtained on analysis. The salt was 
dried by pressure between bibulous paper: — 

1. 0*3274 gsam salt lost in vacuo 0*019G gram H^O. 

2. 0*3274 „ ignited loft 0*0994 gram Cr®0* = 30*36 per 

cent. Deducting Cr existing as CrO*, leaves 11*94 Cr®0*, or 
8*18 per cent. Or. 

3. 0*6466 gram salt lost at 100® C. 0*03316 gram IPO. 

4. 0*6466 „ ignited gave 0*16585 gram Cr*0* = 30*34 per 

cent. Rabtrocting Cr existing as CrO® loaves 11*92 Cr*0^ or 
8*17 per cent. Cr. 

5. 0*4774 gram salt, dissolved in dilate HC1, excess of KI added, 

and the iodine estimated by thiosulphate, required 35*62 o.c. ; 
each c.c. thiosulphate = 0*0032469 CrO*. 


Theorj. 

Analyais. 


Feroentago. 

B 

2. 

8. 

4. 

6. 

CrO* 

Buio Cr 

IPO 


g 

.. 

8*18 

6*06 

s-’w 

84-81 


The Bromide. 

This compound is conveniently prepared from the diohlorchromate 
by first forming the very soluble acetate by double decomposition 
with lead acetate, filtering off the mixture of lead chromate and chlo- 
ride, and precipitating the bromide from the filtrate by dissolving in 
it crystals of potassium bromide. The drained and washed preoipi- 
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teifip recxjBtallis^ from mrm waier^ separates in bright green 
prismatic crystals containing 6 mols. of water of crystallisation. The 
salt is tolerably soluble in cold^ freely in hot water, insoluble in strong 
solutions of alkaline bromides, and in the usual organic menstrua. 
It has the composition { (CON®H^)i®Cr®}Br®6H*0. The following 
results wore obtained on analysis : — 

1. 1*403 gram lost in vacuo 0*108 gram, and no further loss was 

sustained at 101*’ G. 

2. 1*18515 gram dissolved in water, the Cr separated by boiling for 

some time with precipitated chalk, and after filtration the 
filtrate made up to 250 c.c. Moan of four concordant titra- 
tions with AgNO^ required 10*17 c.c. ; each c.c. AgNO* = 
0 0035293 Cl. 


1 

Theory. 1 

1 

Analysis. 


Peroentoge. 

1. 

UBM 

11*0 

7*61 

7-62 


Br 

83-97 

84*11 




Dark-green crystals, in which the/{3ll} planes were most promi- 
nently developed. The planes and u{10l } were about equally 

developed; and the planes 5{2ll} and r{100} wore all small, and 
these lattm* did not seem to be present on all the crystals. The habit 
of the crystal rendered it a little puzzling to decipher the symmetiy 
by inspection. 
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The principal sones meaBured were those oonteining poles a, /, «, 
and these angles were alone depended on in determining the elemmt. 

Calculated. Obserred. 

O i O I 

af = 41 2\ 41 2^, mean of 14 observatioDs, 

fs = 48 o7l 48 5ft 12 

'6/ = 20 26 Approximations to these angles were 

ft =36 40 obtained on a somewhat altered 

T8 = 65 27 crystal. 

= 48 27 

D = or = 23 .54 

No cleavage was perceived. 

The loflide. 

This salt was ]#epar6d from the diehlordichromate by precisely 
the same method as the bromide, only that potassium iodide replaced 
the bromide. It crystallises from water in long brilliant green 
prisms, free from water of crystallisation. It is insoluble in tbe usual 
organic solvents. 

The compound has the oompoaition (CON®H^)^®Cr®l®, and gives 
tbe following results on analysis : — 

1. 0750 gram salt lost no appreciable quantity of water in vacua 

or at 104^ C., and is therefore anhydrous. 

2. 1*18 gram salt dissolved in water and made up to 250 o.o. The 

mean of four concordant titrations with silver nitrate on 
portions of 50 c.c. each required 8*95 o.c. ; each o.o. AgNO* 
= 0*0035293 Cl. 

Percentage oaleulatcd. Percentage found. 

I 48*02 47*88 

The crysteds are of a brilliant green oolouri in long prisms termi- 
nated by rbombohedral planes, often unequally developed. 

The forms observed were a{10l} well developed, b{2n} very 
minute, and r{100}. 

The element D = or was found by oaloulatiou to be 24° 30^'. 
Oalimlateds Obserrad. 

O I Q I 

ar 68 57 68 58. mesa of 8 measurements. 

rr,s:42 6 42 5^ „ 3 

a(t|ss 60 0 59 59^ 6 „ 
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The Ferricyantde, 

This compound is precipitated in oUv^-green needles on the addi- 
tion of potassium ferricyauide to a soluble salt of the base. The salt 
is sparingly soluble in cold, more readily in hot water, from which it 
crystallises in long prismatic crystals, having the composition 
(CON 2 H*)W 0 r 22 FeC«N« 8 fl 2 O. 

The following results were obtained on analysis : — 

1. 0*3501 gram gave in vacuo 0*0351 gram H^O. 

2.0*3501 „ „ on ignition 0*0790 gram CrW 4- 

3. 0*3418 „ „ at 100® C. 0*0343 gram H»0. 

4. 0*3418 „ „ on ignition 0*0777 gram Ci*®0* + Fe^Oj, 


1 

Tlioory. 

1 itnulynio. 

t 

j I*or('ontage. 

1 

I 

2. 

9. I 4 . 

H*0 

Cr»0’ + iVO-' 

. ' l0-3» 

.| !i3-4U 

lOOi 

! ... J 

22*56 

10*04 1 
.. 22*73 

' ! 


The Feirocyanide, 

This compound is precipitated in green needles, when a soluble 
ferrocyanide is mixed with a soluble salt of the base. The crystals 
are very sparingly soluble in water, either hot or cold, and insoluble 
in the usual organic solvents. 

The examination of the substance led to the formula 

{(CON2H*)i30r3}23FeO«Nn7H^O 
being assigned to it. 

The following results were obtained on analysis : — 

1, 0*2396 gram salt gave in vacua 0*0279 gram H-0. 

2.0*2396 „ „ on ignition 0*0504 gram Cr®0* -I- Fe®0*, 

3. 0*4387 „ „ vacuo 0*0524 gram H®0. 

4. 0*4387 „ „ on ignition 0*094 gram Cr®0*-hFo®0*’. 


Theory, 

Analysis. 


Fcrcontago. 

1. 

2. 

3. 

4. 

EPO 

11*80 

21 *06 

i 

11*64 

21* 08 

1 

a *90 

21*42 

Or*0* + re*0* 
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The FicraU^ 

The addition of an aqueous solution of picric acid to a solution of 
any oF the salts of the base produces an immediate separation of the 
picrate in the form of beautiful green-yellow needles. The salt dissolTOs 
readily in alcohol, sparingly in benzene and water, and is practically 
insoluble in chlorofornn The compound recrystallised from water 
has the composition — 

(CON2H4)^80r2(C«H»(NO2)8O)«8HsO. 

The following determinations were made 

Found Calculated 
(por cent.) . (per cent.) . 

H‘0 5M 

CrSO* 5-35 5*34 

% 

Double Sail of the Chloride with Mercuric Chloride, 

When solutions of the chloride of chromium urea and mei'cnric 
chloride arc mixed, a beautiful pale-groen crystalline precipitate is 
produced, consisting of micaceous scales. The compound is very 
sparingly soluble in cold, very moderately in hot water, and insoluble 
in the usual organic solvents. The crystals are anhydrous, and may 
bo represented by the formula (CON*H*)'®Cr®01®6HgCP. 

The following results wore obtained on analysis : — 

1. 1*7738 gram salt ignited with limo gave 0*789 gram mctnllio 

mercury. 

2. 2*542 gram salt ignited with lime gave 1*1339 gram metallic 

mercury. 

3. 0*699 gram salt ignited alone gave 0*0362 gram Cr®0®. 

4. 0*9321 ,1 tf ,f 0*0663 „ „ 


Theory. 

Analysis. 


Percentage. 

n 

2. 

8. 

B 

Hg 



4S-04 

&-78 

44-49 

44-6 

6-07 

1 

6-98 


Double Salts of Omlaie of the Base with Ohromsm OwdUtte No, 1. 

In attempting to prepare the oxalate of ohromium urea from the 
acetate by the addition of a cold saturated solution of ammonic 
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ozalato, there was slowly deposited daring seToral days a quantity of 
very dark-groen, almost blacky ctystals with exceedingly bright faces. 
The crystals on exauunation were, however, found to be a doable 
oxalate of the base with ohromium oxalate, having the formula 
(COIPH^)W0ra(C>O*)*0r«(C»O*)»4H*O. 

They are very sparingly soluble in cold, more resdily in hot water, 
and insoluble in the usoal organio solvents. 

The following results were obtained on analysis : — 

1. 0*4217 gram gave 0*0187 gram H*0. 

2. 0*4217 „ „ on ignition 0*0818 gram Cr’O^. 

3. 0*14165 „ „ on oombostion 25*06 o.c. N and 48*27 c.o. CO^ 

at 0** G. and 760 mm* 


Tbeozj* [ 

Analjrtis. 


Feroentags. | 

1. 

2. 

3. 

Carbon 

Nitrogen 

Water 

OriO=» 

18*82 

21*96 

4*70 

19 *88 

. • 

4*^ 

1 

* a 

* * 

19*37 

18 *31 
22*10 


This Bubstanco oiystallises in the rhombic system, and has q well- 
marked homihedrism with inolined faces. The crystals consist of 
well-developed prisma with a large deeply striated brachypinakoid, 
terminated sometimes by six planes, sometimos by four equally 
developed pianos, and sometimes by two prominent planes of <r(lll), 
with other minor planes. The form (210) is also present, bnt the 
planes of this form ere dull and deeply striated. The prism planes 
are also sometimes considerably striated, bat the striatlous on m and 
my on the same ciystal or on the parallel faces do not as a rule cor- 
respond. The development of the crystals is to a certain extent 
shown by tho aooompanying diagrams, figs. 1 and 2, which repre- 
sent some of the crystals measured by me. The prism in fig. 2 is 
placed horizontally for showing the hemi-pyramida more distinctly* 
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Fia. 1 . 


Fig 2. 


The forms found are a 100, I 210, m 110, p k( 111), n 101, 
ric(lOl). 

The elements are : — 

010, 011 = 59 51 ; 001, 101 = 22 58; 100, 110 ^ 53 43; 

or a : 6 ; c = 1-3705 ; 1 ; 0-580843. 

The angles observed ore compai'ed in the following table with those 
calculated from rhe elements ; — 



Cftloulafed. 

Obsorred. 

ram 

. . 53 M 


mm . . . 

. 72 14 

72 1^ 

Um 

. . 19 27f 

»»ir 

.. 54 17 

54 13^ 

ppi 

.. 71 26 

71 27i 
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Calculated. 

Observed. 

an .... 

O / 

.... 67 2 

Q / 

67 1 

mil •• * 

.... 45 56 

45 501 

. . . 

.... 46 55| 

46 481 

... 

.... 28 8 

28 141 

Up ... 

.... 75 31 

75 3 

rri ... 

....102 41 

102 12 

pwn ... 

.... 76 42-2 

76 46 

Tir^ . . . 

.... 61 38-3 

61 48 

i-Tiin • . • 

.... 41 89-5 

41 28 

• • • 

.... 71 13*4 



52 10*8 

52 6 

Lpii ... 

56 36 S 

56 42 

pr^ ... 

40 14-5 

40 21-5 


The Btriations on the planes a and I were parallel to their intersec- 
tiooB, and rendered the readings obtained Irom them in the zone 
[a/m] valneleBs, except lor the sake of identification. No distinct 
cleavage was observed. 

No. 2. 

The foregoing experiment having failed to give the pure oxalate, 
recourse was had to the decomposition of the pure chloride with 
silver oxalate. The two sabstances warmed together with* water 
for some time and filtered gave an abundant crop of dark-green 
ciystalB belonging to the anorthio system. Examination showed, 
however, that the salt differed from the preceding one only in con- 
taining more water of crystallisation, and that it readily parts with 
the latter oven in a corked tnhe, becoming less soluble and possibly 
forming the preceding compound. This substance, which has the 
composition (C0N*H4)i2Cr*(C*0^)«0r«(Cr80^)»29H®0, gave the follow- 
ing results on analysis : — 

1. O’SllS gram lost in vacuo 0*1347 gram H^O, and suffered no 
further loss at 100° G. The dry salt ignited left 0'0788 gram 
CrSQ*. 

Calculated. Found. 

H^O in 100 parts 26'36 26*34 

Or*0* „ 15*48 15'41 

The crystals are dark-green in colour, and have bright and for the 
most part well-developed faces. They seem to have no good cleavage. 
They crystallise in the anorthio system, and the zones [mn], [e5iQ] 
are those most largely developed, and give the habit of the crystals. 
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The planes m, w, and c, though, as a rule, mnoh more largely 
developed than any others, wore somewhat imperfect and often gavo 
Reveral images. Hence it has been necessaiy to combine all the 
observations in order to obtain satisfactory elements. The following 
elements were nltimatoly selected, as those which agreed best with the 
observations. From these elements the axial constants commonly used 
by Continental crystallographors have boon determined, and they and 
a table of computed and observed angles are subjoined ; — 

Fxo, a. 


Forms observed (fig. S) ; — a{100}, «i{110}, n{110}, aj{3lO}P, 
<5{001}, Z{011}, 6{012}, d{021}, jp{312}, ^{Sll}, /{31I}, g{312\, 
h{3li}. 

Elements:— (100, 110) 38® 33^'; (110, 010) 32’ 2|'; 

(010, Oil) 40’ 29'; (011,001) 43® 5*'; 

(001, 101) 35® 27'; (101,100) 40° 21'. 

or A = 88® 5§'5 B = 77® 10'; C = 71® 33', 

and a:h:c:=z 1*20406 : 1 ; 1*0288. 


Calculated. 



010,m 


0 &... 

M... 

dl.,, 
Ici .. 

d,010 


o 

88 

884 

61 

81 

90 

m 

80 

224 

82 

24 

20 

161 

88 

84 

60 

25 

70 

484 

40 

61 

24 

9 

84 

48*4 


Obeerred 

(meane). 


Oaloulatod, 

& 

8& 



26 

2 ^* 



fs 

47 

264 

99 

27 

ntff 

73 

53} 

80 

294 

md 

34 

46J 



bm 1 

66 

Si 

26 

21* 



61 

18 

38 

8 

*»i 

62 

884 

69 

26 




70 

48 

y 

69 

84i 

49 

62 

ia. 

86 

88 



A 

68 

49} 



A 

66 

86 

84 

66 





ObsuiTTed 

(means). 


& ^ 

47 24 

34 57 

66 6 
61 164 
62 87 

69 404 

66 484 

68 86 
66 844 






1889.J On Salu of a Base containing Chromium and Urea. 8S7 



Calculated. 

Observed 

(means). 

1 

1 

1 

Caloul lied. 

Observed 

(means). 

o 

43 

60 

‘ o 

43 

61 

1 

'ih 

38 

2U 

& 

29 

42 

0 

41 

63 

\tg 

74 

27h 



85 

60 

86 

4A 

1 .V»i 

50 

4Ui 

60 

56 

48 

84 

« 

22 

r' 

64 

431 

54 

364 

67 

24 

67 

26 

...... . 

75 

4S 

75 

67 

34 

38 

34 

404 






44 

22 

44 

21 

hd 

89 

32 

89 

424 

101 

46 

lOl 

47 

Wi 

90 

2B 

90 

104 

77 

46} 

77 

64 

I 


f 

58 

11} 

102 

144 

102 

6 



68 

10 J 


or 







1 

68 

28 

34 

624 

34 

10 

1 

62 

io» 

62 

1 

60 

11* 

60 

15 

; sfc\ 

69 

39J 

59 

39 

85 

0 

85 

11 

1 

1 







The Periodide* 

When a warm solution of iodine in potassium iodide is added to 
a warm and moderately concentrated solution of the normal iodide, a 
considerable crop of crystals separates out on cooling in transparent 
brown-red micaceous scales. If, however, the solutions are heated to 
near the boiling point before mixing, or ore more dilute, especially if 
iho quantity of iodine added is small, the crystals deposited arc in the 
form of long opaque black needles, having a well-marked green 
reflection, which is, to a certain extent, lost on drying. Not uufre- 
quently, however, both forms are deposited from the same solution. 
The apparent dissimilarity of form and general appearance led to the 
analysis of the two modifications being conducted separately. The 
numbers obtained, however, are identical, and lead to the formula 
(CON*H^)^*Cr®l®6I*, being assigned to this remarkable substance. 
The difference in appoai'ance of the two forms is possibly due to 
certain of the faces in one being differently devolopod to those in the 
other. Both yield apparently identical crystals when deposited by 
spontaneous evaporation from alcoholic solutions, or from the nearly 
boiling solution in aqueous potassium iodide. 

The substance dissolves freely in alcohol, very sparingly in benzene, 
and is scarcely affected by chloroform, only just sulflcient being dis- 
solved to communicate a violet colour* 

The Periodide (Bed-hroum Traneparent Sin-sided Plates). 

1. 0‘1849 gram salt loaves on i^ition 0*00895 gram Cr*0** 

2. 0*2703 gram salt, dissolved in dilate sulphurous acid, wanned to 






188 Mr, W. J. Sell and Pro£ W. J. Lewis. [Feb. 14y 

expel exceea, the iodine then precipitated [by AgNO*, and 
whole pretiy strongly acidified with UNO^ gave 0*36523 gram 
Agl. 

3. 0*6262 gram salt, treated exactly as in 2, gave 0*84773 gram 
Agl. 


Theory. j 

AnalysiB. 




2. 

3. 

Cr 

a*s6 

73*48 

3 '81 

* « 

73*006 

73*148 

I 



The Periodide (Black Long Needles). 

1. 0*2655 gmm fhares on ignition 0*01305 gram Ct^CP. 

2. 0*3818 gram, dissolved in snlphnrons add, excess of latter ex> 

pelted by heat, silver nitrate added, and whole acidified with 
nitric acid, gave 0*5191 gram Agl. 

3. 0*1748 gram, treated exactly as in 2, gave 0*23605 gram Agl. 


Theory. 

AualyBU. 

1 PorcentBge, 

1. 

2. 

a. 

Vr 

3*3fl 

73-48 

3 ’36 

• • 

73-43 

73 -IC 

1 



Periodide of Chromium Urea (CrystalUeed from Alcohol), 

The periodide is crystallised for the most part in simple hexagonal 
prisms tenninated by the base. The crystals formed on another 
oooasion bad the same habit with the edges of the base terminated by 
narrow planes p and v. The system is rhombohedral, and one small 
crystal was observed with several well-developed planes on it. 
This crystal connsts of the forms o(lll), r(lOO), 2(122), 2>(722), 
■-(544), 5(2ll), a(lOl). Badly developed planes were also observed 
on a few other crystals. They axe (8ll), (922)« and e(52l). The 
following table gives the observed angles, as also the angles calculated 
from the element D s 38* 88'. 
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Gsloulated. 

Obienrod. 


....60 6 

69 68 

hM . • . 

• • . • „ 

60 2 

or ^ nz ... 

33 38 

33 38 (mean of 4 mcasuromonts.). 

o(8lI) .... 

.... 44 56^ 

44 34 

o{92&) . . . 

.... 55 394 

65 49 

up = exr . . . 

63 23 

63 29^ 

ob • • ■ 

90 0 

90 84 (mean of 5 measurcmentib) 

rxf . . , 

.... 32 8^ 

32 6 

ox . 

29 57 

30 5 

hx ,, , 

.... 64 23 

65 3 

xb , . . 

.... 115 37 

116 8i 

. , . 


63 38i 


No aatiHfacfcoTj cleavage was perceived on the crystals. 


The Sulp}tatoperiodidi\ 

This salt is precipitated in silky yellowish-brown needles when a 
Bolniion of iodine in potassium iodide is added to a solution of the 
sulphate or any other salt of the base containing sulphuric acid. It 
is practically insoluble in cold water, dissolving, however, to a small 
extent in hot water from which it crystallises on cooling in brown 
needles. The solvent action of water is not materially affected by the 
presence of potassium iodide, and it is insoluble in the nsual neutral 
menstrua. On boiling wiilx water the compound is decomposed, 
iodine to the extent of about two-thirds of the total amount present 
escaping with the steam. The composition of this remarkable salt 
would appear to be (CO,IPH^)i3Cr«(SO^)2I^*I^ 

The following results were obtained on analysis : — 


1. 0*48315 gram salt gave 0*875 gram silver iodide. 


BaSO*. 


1*05456 „ „ 0-824 

3. 1*204 „ „ 0*3248 

4. 0*6785 „ „ 0*1843 „ „ 

5. 0*3282 „ „ 0*02965 „ Ci^O\ 

6. 0*6503 „ * a distilled with water, the evolved I collected 

in KI, titrated with thiosulphate, required 12*13 o.o. (each 
O.C. s 0*014035 gram 1). The residual liquor gave 0*17642 
gram Agl and 0*00805 gram Ag» 
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Theoiy. 

AnflljoU. 


Poroentage^ 

1. 

2. 


a 

5. 

6. 

Total iodino . . . 
SO* 

42*83 

10*78 

8*69 

41<9S 

42*24 

n'ii 

ii’-is 

•• 

42 '82 

Cr»0» 



9-03 


Iodine oxpellod 
with wa1<cF. . . 

by boiling 





26*18 

• Iodine remauiing in liquor . . 

*• 

•• 

i 

• • 

- 

16*14 


Carhonatuperiodide No. 1, 

When a BolaUon of tho normal iodide \h mixed with ammoniam 
Besqiiicarbonato and a solution of iodine in potEtssium iodide carefully 
dropped in, a yellowish precipitate is produced consisting of fine 
silky needles, f he crystals are insoluble in water and other neutral 
Rolvonts, and decomposed by acids with effervescence and separation 
of free iodine. Examination of this remarkable substance led to the 
formula (C0N*ll*)'2Cr®(C0^)®I* being assigned to it. 

The following results were obtained on analysis : — 

Tho numbers refer to the compound dried in vacuo over sulphuric 
acid. 

1. 0*4178 gram gave 0*27695 gmm Agl, 

2. 0*6570 „ 0*4375 

3. 0*6158 „ on treatment with HCl 0*036 gram CO®. 

4. 0*5217 „ on ignition 0*0647 gram Cr*0®. 

5. 0*341 gram dissolved in dilute HGl required 4*15 thiosulphate : 

each C.C. = 0*0380975 1. 

6. 0*198 gram dissolved in dilute HCl required 2*45 c.c. same 

thiosulphate. 


Theory. 

Analyeu. 


Percentage. 

1. 

2. 


D 

B 

6. 

Iodine (total).. 
CO* 

84-66 

6*06 

7-22 

■N 

> 17 *43 

j 

36 88 

« « 

30*98 

6*84 

n • 

• e 

7-18 

« e 

18-89 

19*88 

Or 

lodiDe(liherated 
by HOI) not 
required for 
ncwmiil com 
pound 
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Oarhomtoperiodide No, 2. 

When in the preparation of the preceding compound the quantity 
of the base has been considerably diminished by precipitation, the 
further addition of iodine no longer prodnces a yellowish but a well- 
marked brown precipitate consisting also of fine needles. The brown 
colour is not due to admixed periodide, as it is perfectly unafiected by 
alcohol or aqucons solution of potassium iodide, moreover it was 
formed in the presence of a considerable excess of ammonium sesqui- 
carbonate. 

The crystals are insoluble in all neutral menstrua, and decomposed 
by hydrochloric acid with effervescence and separation of free iodine. 

The analyses are rather unsatisfactory, but point to the formula 
(C0N2H4)i2Cra(C08)2I« 

From the nature of the case it is well nigh impossible to see when 
the precipitation of one compound ends and the other begins, and 
there is no doubt that the sample analysed contained some of the 
preceding compound. A better result would probably have been 
obtained by adding the dilute solution of the normal iodide to the 
solution of iodine and ammonium sesquicarbonate, so os to maintain 
an excess of iodine. 

The following results wore obtained on analysis 

The compound was dried in vacuo over sulphuric acid. 

1. 0*4381 gram salt left on ignition 0’0423 gram Cr^O^. 

2. 0*650 „ lost on treatment with HCl 0*0343 gram CO*. 

3. 0*423 „ dissolved in dilute sulphurous acid and iodine 

precipitated with AgNO* 0*3269 gram AgT. 

4. 0*407 gram gave 0*3143 gram Agl. 

5. 0*3056 gram dissolved in dilute HCl added. 


Theoiy. 

Analysis. 


Percentogo. 

1. 

. 

2 . 

3. 

4. 

6. 

Or. 

CO* 

Total iodine . , . 
lodinenibented 
by HCl) 

6*14 

6*27 

44*64 

29*76 

6*61 

• • 

9 • 

6-27 

i 

* * 





The Perhromide, 

When a solution of the normal bromide or any other salt of the 
base is mixed with bromine*water, or better a solution of bromine 
in aqueous potassium bromide, a precipitate consisting of large bronse- 
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yellow plates is produced. This beautiful compound is sparingly soluble 
in cold» more readily in hot water, especially in presence of alkaline 
bromides, and crystallises out in large prismatic aggregations ; 
alcohol especially when warm takes up the substance, freely deoom» 
posing it and depositing the normal bromide, a similar resnlt being 
obtained with ether and carbon disulphide, in which, however, it is 
much less soluble. The crystals rapidly lose bromine on exposure to 
the air, yielding bright-green psoudomorphs of the normal bromide. 
A specimen of the compound in the form of micocoons scales exposed 
for three days over lime gave 3G*5 per cent, of bromine, against 36*78 
required for the normal salt. 

Analysis leads to the conclusion that this substance has a similar 
composition to that of the periodide, viz., (OON®H*y®Cr®Br®6Bi'®. 

The following determination was made 

1*2668 gram salt was dissolved in dilute snlpharoas acid, and all 
excess of tho latter expelled by heat. The solution was mixed 
with excess of silver nitrate, and the whole pretty strongly acidified 
with nitric acid, gave 1*91468 gram AgBr. 

l*cr«cnta^ doulatod. Percentitge found. 

Br 63-58 6416 


Sulp hatoperhromide. 

This compound is precipitated in green needles when a solution of 
any salt of the base is mixed with dilute sulphuric acid and bromine- 
water added. It is sparingly soluble in water, and loses bromine 
gradually on exposure to the air. The composition is similar to the 
sulphatopeiiodide, viz, : — 

(CON2H*)«Ora(SOO*Br«. 


This requires per ceut. : — 

SO^ 12-82 

Br .32-06 


Found. 

12*97 

34*16 


The well-marked ciystaHisatiouB presented by the substances here 
described, prove them to ho definite compounds. Their empiric 
formulw, as derived from analysis, are as to complication snob as 
chemists have been wont to expect only in organic sabstoncea ; and 
the rational formnlee provision^ly assigned to them would hardly 
have suggested themselves without the clues afforded by the materials 
and processes employed in their formation. The examination of tho 
decompositions which they undergo under varied conditions, is a 
problem little more than touched upon, and the some may be said of 
the action of chromyl diohkride on snbatitnted nreaa, inolnding 
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ihiaoarbftZDide. It is hoped, however, that the work at present in 
progress on this and kindred points will throw some light on the 
relation which the chrominm bears to the rest of the elements in these 
complicated compounds. 

The remaining crystallographic determinations refer to compounds 
desenbod in the former paper (‘ Roy. Soc. Pi*oc.,’ vol. 33, p. 267). 

Platinum Salt of Chromium Urea, 

These crystals are minute prisms of yellowish-green colour, and 
belong to the rhombohodral system. They are combinations of the 
forms (lOl), (111), and (100). 



Calculated. 

Observed. 

aa^ 

. ^0 6 

0 « 

60 1 

oa 

. 90 0 

90 4i 

a^r 

. 72 44 

72 42 

"i 

. 34 32 

34 31 

or 

. 20 2-6 

20 3 


The crystals wore too minute to render any experiment for cleavage 
possible. 

Chloride of Chromium Urea, 

In emerald-green stout crystals belonging to the rhombohodral 
system. They are combinations of the hexagonal prisms (lOl) with 
(111) and (100) (figs. 1 and 2). 

Fio. 1. 


Fm. % 
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The angles of the prism varied oossidersbiy, the range being 
between 60° 28' and 69* 19'. 



Calculated. 

Obaenred. 

ao .... 

.... dI) 6 

§0 6 

ar . . . . 

.... 90 0 

90 6 

ro .... 

.... 42 47 

42 47 

oe .... 

.... 26 3 


ar . . . . 

.... 63 58 

53 63 

rTj • « . • 

.... 72 4 

72 7i 


Tho crystals seem t/O have no cleavage. 

Nitrate of Chromium Urea, 

Tho crystals^are of a dark-green colour, and are only translucent in 
moderately thin plates. They belong to tho oblique system, and have 
a very perfect and facile cleavage, perpendicular to tho piano of 
Hyrometry. This cleavage plane, though absent, or at any rate vei^ 
infrequent, as a natural plane, has been selected as the base. The 
planes o(491) are much striated, parallel to their intonseotion with 
one another, and give very bad I’eflections. The general habit 
of the crystals simulates that of a crystal of the rhombohedral 
system with two rhombohedral forms. The faces p(212) give the 
best reflections ; the faces g(2l2) are not well developed, and the 
reflections are indifTmnt. The accompanying diagrams show the 
forms present. Fig, 1 is an orthogonal projection on tho piano of 
symmetry. 


Fro. 1* 
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' Fio. 2. 


a(lOO), c(OOl), l>(010), J>(212), a(2l2), o(491). 

Blemenls and Angles, 

(100, 101) = Sr 47i' ; (010,.U1) = 43" 27f ; (001, 101) = 60" 22'. 
a :b X e = 1*214 : 1 : 1*343. 

Calculated. Obeonred. 

pp-^ 55 38 55 41 

ga, 39 10 .39 4 

qb 70 25 69 8 approx. 

ap 56 50 57 0 

pq 86 14 86 23 

pq 93 46 93 45 , 

joj 36 56§ 36 53i 

cp 64 4 61 4 

pe^ 115 56 116 4 

pji 75 41 75 38 

104 19 104 28 

c,gi 40 15 

ao 70 17i 70 6 

ooi 109 42i 110 39 

CO 93 10 93 42 

ojo 86 50 86 8 

go 85 15 8.5 46 

og 94 45 94 15 

po 47 27 47 24i 

po^ 78 30 from 76 12 to 78*’ 44' 

ea 112 9 ^ 112 2 
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HI. EiToct of FlooivDeafening on the Sanitary Condition of 
Dwelling Houses ” By Miss Etta Johnstone, University 
College, Dundee, and Thos. Carnsxlkt, Professor of 
Cheiniwtry in the University of Aberdeen. Communicated 
by Sir 11. Rosooe, P,R.S. Received February 7, 1889, 

** Deafening” is the material whioli is laid upon boards fitted in 
between the joists of a floor to prevent the passage of sound into the 
loom below. This material is used largely on the Continent and in 
many parts of this country, especially in Scotland, and is supposed 
to consist of a mixture of coarse mortar and smith’s ashes, but 
in general it appears to be of a much more questionable nature, 
particularly in the case of low-class houses. It is also supposed by 
some builders to prevent the passage of smell ; but housea are known 
to have beei# rendered uninhabitable by its presence, the cinders, 
which form the great bulk of the substance, being more or less 
contaminated according to the place whence obtained and other 
attendant circamstances. 

With the object therefore of ascertaining whether this material was 
a serious factor in the pollution and vitiation of the air of dwelling- 
houses, we undertook the analysis of a number of samples from 
various dosses of houses in Dundee, and the results obtained are 
i^corded in ilm present paper. 

Carnelley, Haldane, and Anderson (‘Phil. Trans.,’ B., yoI. 178 
(1887), pp. 61-111) have pi^ovod that the number of micro-organisms 
^bitually present in the air of a dwelling-house inci’eases with the 
age of a building. Indeed, some of the older buildings become 
perfectly infested with them, as shown not only by the results 
obtained by tbe above observers in houses and schools in Dundee, but 
alpo by those of Miguel in old and now housos in Paris. Indeed, this 
floor-deafening when impure would appear to be a remarkably good 
medium for the propagation of bacteria, other conditions being 
favourable. 

Dr. Emmerich, of Leipzig, some years ago (‘ Zeitschr. f. Biol.,’ 1882) 
mode experiments on the effects of this stuff with regard to the air of 
rooms, and also analysed numerous samples of pure material, some of 
which were obtained from new buildings on completion, and some 
from inhabited hotues. He found that on washing the floors of 
rooms, shutting them up for some time, and then examining the air, 
there was a great increase of carbonic acid, which must have been 
due to the putrefaction set up by the moisture on reaching the 
deafening, as all other known sources of carbonic acid were exdnded. 

As a result of his investigations, he concluded that “ there exists 
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nowliere in nature^ nob even in the neighbourhood of human d^rellings, 
a (natural) soil bo highly oontaminated with nitrogenouR organic 
Babstancea and their decomposition products aa the deafening material 
under the floor of dwelling-rooms.’* 

As some of Emmerich’s res alts appear to have been called in 
question, and for the purpose of ascertaining whether a similar state 
of matters exists in houses in this country, we obtained samples of 
deafening from dwellings in different parts of Dundee, through the 
kindness of Mr. Einnear, of the Sanitary Department, Some of 
these were taken from ordinary middlc-olass houses, others from one-, 
two-, and three-i*oomed houses of the poorer class, while two vteve 
obtained from houses (in Fish Street, Dundee) about 200 years old, 
and occupied by the poorest class of artisans. The deafening from 
the lower class of bouses, and especially that from the oldest houses, 
had a moat disgusting and filthy smell. All the houses examined, 
even those of the bettor class, had been built and occupied more than 
twelve years. For analysis the material was passed through a wire 
sieve of ^-inch mesh, and the percentage of 6ne dust and coarse 
lumps noted. The fine dust was bottled, and the following sub- 
stances determined therein by the usual methods; — (1.) Moisture. 
(2.) Total combustible matter (exclusive of moisture). (3.) Chlorine. 
(4.) Nitrogen. 

The results are given in the following table 


2 a 


TOL. XLf. 



Table of Besnlts. 


8i8 
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* These houses were about 900 jrears old, and are now pulled down. 
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* 

The above resnlte show • 

(1.) That the quality of the deafening, as indicated hj the per- 
oentflge of chlorine, nitrogenoas organic matter, and oombuBtible 
matter, mns strictly parallel with the class of house, being by 
far the worst in the one-roomed houses, and the best in the 
largest houses. 

(2.) That the deafening employed in ordinary middle-class houses 
is in almost all cases practically free from nitrogenoas organic 
matter and chlorides, and from any disagreeable smell, so that 
no objection can bo raised to tbe use of deafening of tho 
quality we have examined in this class of house. 

(3.) In the poorer class of houses (of three rooms and under) 
nitrogenous organio matter and chlorides are always present, 
tho percentage being especially high in the older houses, while 
in many cases tho smell is very objectionable. From this it 
would#ppear that the air in such houses may be very seriously 
polluted by the deafening, and thus give rise to ill-health. 

In reference to tho above results we may remark : (1.) That the 
cinders, which form the bulk of the deafening uHod in better class 
houses are probably of good quality, owing to tbeir being obtained 
from a uon-contaminated source, whereas in the poorer class of houses 
inferior materials (and possibly ash-pit refuse, &c.) will doubtless be 
made to serve for filling up the deafening space. (2.) The carpets in tbe 
better class of houses are not usually lifted oftener than twice a year, 
and of coarse the floors can only be washed at those times, so that the 
necessary condition of moisture for the growth of micro-organisms is 
not present to tho samo extent as in lower-class houses, while at the 
same time the carpet will act as a partial filter to micro-organisms 
arising from the deafening material. In the poorer class of houses, 
however, everything would seem to favour the contamination of tbe 
air from this source. The floor boards are often plain jointed, and 
simply laid side by side, so that when the floor is washed the water 
has every facility for trickling down to tho material beneath. 
Further, all the household operations of washing, cooking, nursing, 
Ac., have to be carried out in tho one or two apartments, and hence 
the spilling of dirfy water, slops, on tho floor, and percolation 
into the deafening below will be of pretty frequent occurrence. The 
rooms are often overcrowded, and oonseqaently the air is moist and 
warm, so that the increase and multiplication of micro-organisms 
would seem to be inevitable. 

It has been shown (Carnelley, Haldane, and Anderson, *PhiL 
Trans.,' B. (1887), p. 61) that in pasung from many to two- and ooe- 
roomed houses the air becomes more and more impure, especially with 
regard to the number of mioro-organisms, whilst the death-rate 
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largely increaaee, and the mean age at death diminishes. The xesalts 
of the present paper show that the sanitary condition of the floor- 
deafening follows a similar order, thus ; — 





Houses. 



Dundee. 

Four- 

roomed 

and 

upwards. 

Tlirco- 

roonied. 

Two- 

roomed. 

One- 

roomed. 


f Total population ........ 

23,007 

22,087 

79,825 

23,410 

i 

Average number of per- 
sons per room 

J*3 


8*4 

6*6 

1 ‘ 

Space per person in cubic 
feet 

1,633 


240 

212 


Deatli-rale per 1000 ..... 

12*3 

17-2 

18*8 

21 -4 


Mean age at death of all 
^ who died 

40-0 

30*G 

21 *3 

20-0 

1 

's.fi. 

1 

^Ctrbonio acid (toIs. per 
lOOu) 

WM 


9*9 

11*2 

Oxidisable organio matter 
(0 required per million 
vols. of air) • . . 

m 


10*1 

15*7 

QQ 

Total micro-organisms per 
^ litre i 

DU 

.. 

40*0 

60*0 

h 

^Coarse matter in deafen* 
ing per cent 

63-40 

03 82 

40*48 

35*26 

■bJ- 

Fine matter in deafening 
per cent 

80-60 

80-18 

69*62 

64*75 

•S 8 

Organic matter per cent. . . 
Chlorine per cent. 

4’CS 

6-M 

6*42 

12*10 

2'8 

o-ooe* 

0-012 


0*195 


^Nitrogen per cent 

0-020* 


0-2U9 

0*800 


The FOBolts obtained by the authors referred to above have also shown 
that the micro-organisms do not come either from the breath fat least 
in health), nor in large numbers from the outside air, so that it would 
seem clear that they come from some part of, or material in, the room 
itself. Though our results are certainly not so marked as those of 
Dr. Bmmerich, they show, nevertheless, quite clearly that the 
deafening material may be and is in the poorer class of houses a 
sonroe'of contamination of the air of dwellings, in that it famishes a 
good and suitable medium for the growth of micro-organisms, and 
gives off foetid gases from putrefaction, provided the necessary factors, 
moisture, warmth, and nitrogenous organic matter, are present. 

• Hid it not been for the abnormally high results obtained in one of these 
houies in which the drainage was veiy defeotiTO, these numbers would have been 
▼eiy maoh lower, vie., 0*004 per cent, 01 and 0*0057 nitrogen. Indeed, ei^t of 
tha rteten houses examined were quite free firom both chloridei and nitrogenous 
ojpganie matter. 
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IV. “ On the comparative Action of Hydroxylamine and Nitritea 
upon Blood-pressure.” By T. Lauder Brunton, M.D„ 
F.R.S., and T. Jkssopp Bokenham. Kocoived Februaiy 7, 
1889. 

This communication forms part of an investigation on which ono of 
us (Brunt on) has been engnged for somo years past, and in aid of 
which grants have been received from this Society.* § 

In this investigation the action of various compound ammonias, f 
and also of some nitrites, ( and allied bodies, § has been examined. 

The plan of research required bydroxylamino (NHsO), forming as 
it do^s a link botwren those two classes of bodh'S, to be specially 
examined. The action of this body has recently become a subject of 
experiment by other workers, || and it therefore seems advisable to 
publish now* one remarkable relationship between it and nitrites, 
reserving for a later communication other results of this research. 
Two of the most striking effects of nitrites are : their power (a) to 
alter the colour of the blood, ^ and (h) to lower the pressure of blood 
within the vessels.** 

Both of these properties are also possessed by nitroglycerine, ft And 
Hay has shown that tho effoot of this substance is due to the fact that 
it is decomposed in tho blood with evolution of nitrous aold.^t 

Hydroxy lamine is a body in which two affinities of nitrogen are 
saturated by hydrogen instend of by oxyg^m as in nitrous acid. Its 
relation to nitrons acid will be seen by a comparison pE their graphic 
for mules — 

Hydroxylamrae. KitToui aoid. 

g>N-0— H. 0>N— 0— H. 


* May, 1874, for inveitifpifion of tho phyaiologioal action of ammonia, and others 
in 1877, 1884, and 1887. 

t Brunton and Gaah, * PhlL Tram./ 1884, p. 197. 

X Brunton and Orenwell. Details not publiahed. Vid9 'St. Bartholomew's 
Uoapital Beporta,* 1B76, p. 143, and * Fhannaoeutioal Journal,’ Deoamber 22, 1888, 
pp. 491 and 496. 

§ Brunton and TSiil, " Physiological Action of Bitroglyoerine," ' St. Bartholomew'a 
Hospital Beports,* 1876, p. 140. 

II Bins, ** Toxioologisobes fiber das Hydroxylamin," 'Tirbhow's Arohiv.* 

^ A. Gamgee, ' Phil. Trans,/ 1868, pp. 689—626. 

** Qamgee, quoted by Brunton, * Lauoet,' 1867, July 27. Brunton, ' Jhiidwi^s 
Arbeiten.* 186|9. 

tf Brunton and Tait, ' St. BaitboloiDew's Hospital Beports/ 1876, p. 144* 

Hay, “Tho Chemical Nature and Phjaiologiqal Aetlon of Nitroglycenilft/* 
* mofcitioner/ June, 1888, vol. 80, p. 489, 



1^89;] HudrosBylmm and and Bhod^esnun &A8 

It was shown by Baimondo and Bertoni* to have the power of 
pisodTucing a ohocolate*brown colour of the blood, of lessening its 
oxidising .power, and of producing a change in its spectrain, changes 
similar to these observed by Gamgee as consequences of the action of 
nitfrites.f LoewJ found it to be a powerful protoplasmic poison. 
IVom a consideration of its chemical properties, Bins§ was led to 
think that it must be reckoned amongst the bodies which cause 
paralysis of colls in the nerve-centres, either by sotting free active 
oxygen or one of the halogens, and his experiments showed the 
correctness of his hypothesis. Baimondo and Bertoni thought that 
during the reaction between hydroxylamine and blood nitrous acid 
was formed, and Bins obtained the reaction of nitrites from the blood 
of animals poisoned by it. 

It therefore seemed probable that it would alFect the blood^prcssure 
in a similar way to nitrites, and on testing it wo found that it does. 
On injecting the hydrochlorate of hydroxylamino either into the 
veins or peritoneal cavity, it produces a fall of blood-prcssuro almost 
exactly similar to that produced by nitrite of arnyl, as will be seen by 
a comparison of the accompanying curves, in which the fall of blood- 
pressure is so much alike that it is almost impossible to tell from a 
mere inspection of the tracings which is due to hydroxylamine and 
which to amyl nitrite. As hydroxylamine itself is very unstable, and 
is readily converted into ammonia, we used the hydrochlorate, which 
we obtained from Messro. Hopkin and Williams. As hydroxylamino 
is made commercially by the reduction of nitrites, it appeared possible 
that the specimen we employed might bo contaminated by nitrites, 
and that its actioti upon the blood-pressure might be duo to imparity 
and not to the action of the bydzx>xylarnine itself. On testing the 
specimen we employed by starch-paste and iodine with acetic, sol- 
phurio or iiydrochlorio acid wo got no roaotion, and Messrs. Hopkin 
and Williams also told us that it gave xio reaction with metaphonylene- 
diamine. 

We may therefore regard the specimen as pure, and attribute the 
fdl of blood-pressure to the action of the hydroxylamine hydro- 
chlorate, and not to any impurities contained in it. 

^ Tftiimffndi and Bertoni, * Anwali Univ. di Med./ toL 259, 1882, p. 97. Only 
known to ue by abitnol in Virohow and Uueeh’a ‘ Juhroaber/ for 1882, 1, pp. 998 
and 391 

t Gamgee, * Phil. Tnuu.,' 1868. 

t Loew, * Arehlv f. d. ges. Phytiol/ 1885, vol, 36, p 616. 

i Bins, op, cit 
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V. “On the Total Solar Eclipse of August 29, 1886” By 
Captain L. Dabwin, B.E., Arthur Schuster, Ph.D., F.R.S., 
and K Walter Maunder. Received January 28, 1889. 

A preliminary commanication will be found at vol. 42, p. 180. The 
fall report is divided into eleven parts, as follows ; — 

I. Origin of the Expedition and General Preparations, by Captain 
Darwin, A. Snhaster, and E. W. Maunder. 

II. Preparations for the Eclipse at Prickly Point, hy Captain 
Darwin and A. Schuster. 

III. Totality at Prickly Point, by Captain Darwin and A. Schuster. 

IV. On the Accuracy required in adjusting an Eqnatorial for 

Photographic Purposes during a Total Solar Eclipse, by 
A. Schuster. 

Besulil of the Photographic Camera at Prickly Point, by A. 
Schuster. 

VI. The Coronagraph, by Captain Darwin. 

Vll. The Prismatic Camera, by Captain Darwin. 

VIIL The Spectroscopic Cameras at Prickly Point, by A. Schuster. 

IX. Photographic Results obtained at Carriacou Island, by E. W. 
Maunder. 

X. Description of the Eclipse aud Drawing of the Corona, by 
Irwin C. Mating. 

XI. On the Photographs of the Corona obtained at Prickly Point 
and Carriaoon Island, by W. H. Wesley. 


VL “ On the Determination of the Photometrio Intensity of the 
Coronal Light daring the Solar Eclipse of August 28 — ^29, 
1886.” By Capt. W. DB W. Abney, C.B., R.E., F.R.8., and 
T. E. Thorpe, F.R.S., Professor of Chemistry in the Normal 
School of Science, South Kensington. Received February 7, 
1889. 

[For MU abstract of the contents see prclimiUHry communioatioD, toI. 44, p. 892] 
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PTBBentSf February 14, 1889. 

Tranaactions. 

Bordeaux: — Soci^t4 de M^deotno ot de Chirarp^e. Mcmoirea ct 
Bulletins. Ann4e 1887. 8ro. Bordeaux 1888. 

The Society. 

Boston : — ^Massachnaetts Instituto of Technology. President’s 
Report, 1888. 8vo. Annual Catalogue, 1888-89. 8vo. 

Boston 1888. The Institute. 

Brisbane: — Koyal Society of Queensland. Proceedings. Vol. IV. 

Vol, V. Part 3. 8vo. Brisbane 1887-88. The Society. 

Brassela: — Aoad^mie Royale de Modecine. Memoires dea Con- 
oours ot des Savants Etrangers. Tome VIII. Faso. 5. 4to. 
Bruxelles 1888. The Academy. 

Cambridge, Mass. : — Harvard University. Bulletin. Vol.V. No. 4. 
8vo. [Cambridge] 1888. The University. 

Museum of Comparative Zoology. Bulletin. Vol. XVI. No. 2-3. 
8vo. Cambridge ; Annual Report, 1887-88. 8vo. Camhiridge, 

The Museum. 

Catania: — Accademia Gioenia di Sciense Naiurali. Bnllettino 
Mensile. Nuova Serie. 1888. Fuse. 1-2. 8vo. Catania 1889. 

The Academy. 

Chapel Hill, N.C. ; — Elisha Mitchell Soientiho Society. Journal. 

1888. Fart 2. 8vo. Ealeigh, The Society. 

Copenhagen :—K. Danske Videnskabemes Selskab. Oversigt. 

1888. No. 2. 8vo. Kj^hmhavn, The Society. 

Delft : — Ecole Polytechnique. Annales. Tome IV, Livr. 3. 4to, 
Leide 1888. The School. 

Frankf art-am«Oder : — Naturwissensebaf tl icher Verein. Monatliche 
Mittbeilungen aus dem Qesammtgehiete der Natnrwisson- 
Bchaften. Jahig. VI. Nr. 1-3. &yo. Frankfurt l88b-89; 
Societatum Litterae. Jahrg. 11. Nr, 5. 8vo. Frankfurt 1888. 

The Verein. 

GnuB Naturwissenscliaftlioher Verein fur Steiermark. Mit- 
theilnngen. 1887. 8vo. Oraz 1888. The Verein. 

Halle :~Verein fur Erdkunde. Mitteilungon. 1888. 6vo. Malle. 

The Verein. 

Paris Comit4 International Permanent poor I’Execntion Photo* 
graphiqne de la Carte du CieL Bulletin. Fasc. 2. 4to. Pons 
Iggg, The Acad4mie des Sdenoes. 

Conservaiotii^ National des Arts et Metiers. Annales. Tomes 
I-X. Toiae XI. Fasc. 1. 8vo. Pans 1861-79. 

The Director. 
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TransaoiioiiJi {continu^^. 

fiooledesHaates litTidefl. Biblioth^ne. Sciences Philologiqnes et 
Historiques. Fasc. 76-?7. 8 vo. Parw 1888. The School. 
£oole Normale Sap^rienre. Annales. Ann^e 1886. Supplement. 

4to. Paris, , The School. 

Fscnlte dea Sciences. Theses. 188^ 4to. and 8to. Paris, 

The Faculty. 

Prague; — Ednigl. Bohmische Gesellschoft der Wissonschafton. 
Abhandlungen (Math.-Natnrw. Classe). Folge 7. Bd. I. 4to. 
Frag 188G. Sitznngaberichte. 1885-87. 8 vo. Frag ; Abhand- 
lungen (Philos.-Histor.-Philolog. Classe). Folge 7. Bd. I. 
4to. Frag 1806. Sitzungsberiohte. 1885-87. 8 v^o. Frag\ 

Jahresbericht. 1886-88. 8 vo. Frag\ F, Vejdovsk^: ZiAni, 
Oplozeni a RyhovAni Yajidka. 8 vo. Fraxe 1887. 

The Society. 


Anweni (A.) None Reduction der Bradlpy’schen Beobachtungen 
ana den Jahreu 1750 bis 1762. Bd. III. 4to. 8t, Fetmhurg 
1888. K. Akademie dor Wiaaenachnfton. 

Balfour (T. Graham), F.R.S. Inaugural Addreas to the Royal Statis- 
tical Society, Session 1888-89. 8 vo. Londm, The Author. 

Banquet to commemorate the Framing and Signing of the Constitu- 
tion of the United States. [Illustrated Record of Proceedings.] 
Svo. Philadelphia 1888. The Committee. 

Beard (J.) Morphological Studios. Vol. I. 8 ^ 0 . London 1888 ; A 
Contribution to the Morphology and Development of the 
Rervous System of Vertebrates. 8 vo. Jena 1888. 

The Author. 

Berthelot (M.), For. Mem. R.S. Collection des Anoiens Alchimistes 
Greos. Livr. 8 . 4to. Pori* 1888. 

Miniature de I’lnstruotion Publiqne. 

Blytt (A.) On Variations of Climate in the Course of Time. Svo. 
Christicmia 1866. With Five other Excerpts in Svo. 

The Author. 

Brediohin (T.) Sur I’Crigine des fitoiles Filantes. 6 vo. Moscon 
1888. The Author, 

Carmthera (G, T.) The Cause of Light. [Twelve Copies.] Svo. 
Boorhee 1888. The Author. 

Owras-Wilson (C.) Musical Sand. Svo. Poole 1886. 

The Author. 

Oleland (J.), J. T. Maokay, and R. B. Toung. Memoirs and 
Memoranda in Anatomy. <VdL I. Svo. London 1889. 

The Authors 

Colladon «(1X), and C. Sturm. M 6 moire sur la Compression des 
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Liqnidea. 4to. Oenive 1887; Er^cntion des Tunnels & Ctel 
Verm4 par I'emploi de FAir Gomprim6. Far M. Golladon. 8ro. 
Paris 1887. M. Golladon. 

Ondworth (W.) Life and Gorrespondonce of Abrabam Sharp. 8vo. 

London 1889. ^ The Author. 

Doberck (W.) Instructions for making Meteorological Observations, 
prepared for use in China. 4to. Shanghai 1887; The Meteorology 
pf South-Eastern China in 1866. 8vo. [London] 1888. 

The Author. 

Haviland (A.) The Spelling “Mann” or “Man.” 8vo. Douglas 
1888. Dr.Haviland. 

Hooker (Sir J. D.), F.R.S. Flora of British India. Pai't 15. 8vo. 

London 1888. The India Office. 

Jones (T. B.), F.li.S. Ostracoda from the Weald Clay of the Isle of 
Wight. 8vo. London 1888. The Author. 

Lagrange, (Euvres de. Tome XI. 4to. Paris 1888. 

Miniatere de rinstruction Pnblique. 
Lorenzo (Q. di). Memorio od Oaaervaaioni di Glinioa Medioa Idro- 
logia ed Igiene. 8vo. NapoU 1881). The Author, 

McCoy (F.), F.R.S. Prodromus of the Zoology of Victoria. 
Deo^o 16. Svo. Melbourne 1888. 

The Victorian Government. 
Medlioott (H. B.), F.B.S. Agnosticism and Faith, Svo. London 1888. 

The Author. 

Mueller (Baron F. von), F.R.S. Iconography of Australian Species 
of Aoauia. Deoades 12^13. 4to. Melbourne 1888. 

The Victorian Government 
Fiiy (A. Th5ophile). ' Le Saint l^dit : Etude de Litterature Chincuae. 
,4to, Shanghai 1879. 

The Inspector-General of Chinese Customs, Peking. 
Symons (G*. Jt), F.R,S. Sunshine. Svo. London 1888. 

The Author. 
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Felrtiary 21, 1889. 

Professor G. G. STORES, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read ; — 

1. “ The Influence of Bile on the Digestion of Starch. L — ^Its 
Influence on Pancreatic Digostion in the Pig.” By SiONET 
Martin, M.D. (Lend.), B.Sc., British Medical Association 
Scholar, and Assistant Physician to the City of London 
Hospital for Diseases of the Chest, Victoria Park, and 
Dawson Willums, M.D. (Lond.), Assistant Physician to 
the East London Hospital for Children, Shadwell. Commu- 
nicated by E. A. SoHAFJER, F.B.8. (from the Physiologioal 
Laboratory, University College, London). Received 
February 1, 1889. 

The object of the research is to asoertain what influence, if any, 
the presence of bile or its constituents has on the progress and re- 
sult of pancreatic digestion ; it includes the investigation of any suoh 
influence on the amylolytic, the proteolytic, and the emulsive fer- 
ments. The present communication deals only with the first named ; 
our expert meiits have been done chiefly with the pancreas and bile of 
the pig, but another series in which these secretions in other animals 
are l^ing examined is in progress ; the effect of the presence of bile on 
all amylolytic digestion, sat. gr,^ that of saliva and that of vegetable 
diastase, is a subject which also seems to be worthy of investigation, 
and is now receiving our attention. In the present communication 
we detail the result of our experiments with the bile and panoreetio 
amylolytic ferment of one animal only-— the pig. 

The fluid to be digested has been made by boiling pure starch in 
distilled water and oarefnlly neutralising if neoessary. Starch 
2 grams, water 100 o.o., has been found a convenient strength. Pig's 
bile has been used either in the fresh state or after careful drying at 
a temperature not exceeding 27^ C. In the later form it was Amnd 
more convenient for preserving and for manipulation, as it could he 
acouxately weighed. Glycerine extract of fr^ pig's pancreae, and 
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a oommercia.1 pancreatm made from pig’s pancreas, and asoertained 
to be rich in the amjloljtio ferment, har^e been used. 

Onr earliest experiments indicated that bile had a very notable 
influence on the pancreatic digestion of starch ; it caused a rapid dis- 
appearance of the bine reaction of starch with iodine. 

Eaperime/nt A . — Five tubes, a, h, c, d, e, each containing 50 c.o. of 
the starch mixture (2 per cent.). With c 2*0 c.c. and with d and e 
8*0 0 . 0 . fresh pig’e bile were thoroughly mixed. Eqnal quantities of 
glycerine extract of pig’s pancreas were then simulianoonflly added to 
h, c, and d, and all five tubes were placed in a water-bath at 33" G. 
The colour reaction of solution of iodine with the two control tubes — 
a which contained the starch mixture alone, and e which contained 
the starch mixtare and bile (8 c.c.)— remained uiialterod throughout 
the experiment. The changed colour reaction in the other tubes 
was watched by mixing a drop of the mixture with iodine solution on 
a white porcelain plate. The blue reaction in d rapidly disappeared, 
being replaced in less than one minute by a purple and in two 
minutes by a red colour ; the red colour became gradually fainter and 
had entirely disappeared in ten minutes. In ft and o the blue reac- 
tion disappeared more slowly, a purple colour being still obtained at 
the end of ten minutes ; no difference was perceptible in this respect 
between ft and c, a fatct which indicates that the amount of bile present 
must exceed the proportion added to c beforo any accelerating in- 
fluence was noticeable. 

By using weighed quantities of the dried bile it was proved that a 
larger proportion of bile caused the blue reaction with iodine to dis- 
appear more rapidly than a small proportion. 

BwperimCTd B » — Four vessels, a, ft, d, e, containing the starch 
mixture 2 per cent. To ft 0*6 percent, dried pig’s bile, U> d and e3 per 
cent, dried pig's bile were added and dissolved ; to <z, 6, and d equal 
quantities of glycerine extract of pig’s pancreas were added, and all 
the vessels were placed in a water-bath at 33" C. ; d ceased to give any 
colour reaction with iodine solution in five minutes ; at the same 
moment the reaction given by ft was reddish-purple, and by a purple ; 
e remained unchanged. 

This increase of rapidity with increasing proportion of bile was 
found to bold up to d per cent, of dried bile (equivalent probably to 
at least 30 per cent, fresh bile). Beyond this percentage we have 
not made experiments; a larger proportion of bile rendered the 
Buxtore very thick and juterfer^ with the colour reaction. 

It was also ascertained that the amount of sugar, estimated as 
dextrose,, formed under the conditions of Experiments A and B, was 
greater when bile was present, and increased when the proportion of 
bile was inereased. 

Jbjpmffienf 0.— Four vessels, a, ftf c# d, containmg the ataroh 
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mixhuo a per oeat. To b 0*6 per oent. dried pig'e bile, end to e aifd d' 
2 per cent, dried pig’s bile were added and cHssolved ; to' o, 6, add e 
equal quantities of glycerine extract of pig's panereae were added and 
all the vesaels were placed in a water-bath at 84^ C. The colour 
reaction with iodine given by d was unchanged throughout, but a, 
hi and c gave a varying colour reaction, and changing most rapidly 
with c and least rapidly with a. After remaining in the water- 
bath for eight minutes the vessels were taken* out and their contents 
boiled, to destroy the ferment, and the amount of dextrose estimated 
by Fehling's method ; a contained 0*45 per cent., b 0*59 per cent., and 
c 0*74 per cent. 

A huge number of experiments were performed of which the above 
are quoted as examples, and the conclusion to which we were led 
was that digestion of starch by extract of pig's pancreas was 
hastened in the prosenoo of pig's bile. We next sought to ascertain 
(1) whether ^his was a property of the bile solids as a whole, or of 
one or other constitnont ; and (2) the nature of this hastening action, 
whether, that is to say, the bile only hastened the tranbformntion of 
starch into dextrin, or whether there were also constant increase in 
the amount of sugar formed, 

FirMy, as to whether the effect is to be ascribed to tfae action' of 
any one constituent of the bile. Pig’s bile contains bile salts (chiefly 
hyoglycocholate of sodinm*), bile pigment, cholesterin, soaps, and 
salts together with mucin. We found that an extract of dried bile 
made with absolute alcohol retained the power of hastening pancreatio 
digestion of starch, and finally that it was also possessed by the bile 
salts. It was found in this case also that the amount of sugar esti- 
mated as dextrose was greater as the proportion of bile salts added 
to the mixture was increased up to 2 per cent., beyond which onr 
experiments have not gone. Thus in one experiment the amonnt of 
sugar found after half an hour's digestion (a) in a mixture to which 
0*6 per oent. of bile salts had been added sa 1*03 per oent. ; (ft) in'a 
mixture to which 2*0 per oent. of bile salts had been added = 1*25 
per oent. ; and (c) in a mixture to which no bile salts had been addbd 
1*0 per oent. ; a large amount of starch mixture was used in this 
periment and 0*8 per cent.* paucreatin added. 

Secondly ^ as to the nature of the process, whether the bile hastened 
the transformation of starch into dextrin, or whether there was also 
an inorease in the amount of sugar ; this was found to be a' somewhat 
difficult question to solve. The quantitative estimation of a mixture 
of starch, dextrin, and sugar, or of dextrin and sugar was found to 
present many diffloultiea. The amount of sugar was readily estimated 

* Jolin (* Zdti. f. FlqriibL Cheinie^' voL 11, p, 417) desaribet «• and A*hyoglydO* 
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as dextrose, I17 Fehling'a method, bat we are anacquainted with any 
reagent which will effrat the separation of dextrin from starch ; they 
can both, howerer, be precipitated by abaolnte alcohol. We have 
made a quantitative estimation of the relative amonnts of starch, 
dextrin, and sugar by the following method : two eqaal portions of 
the starch mixtaro, 2 per cent., were digested with equal quantities 
of dried ptg*B paacreatin,* rich in amylopsin, a certain proportion of 
bile salts (made from pig's bile) having been previously added to one. 
Digestion was allowed to proceed in the incubator until the reaction of 
starch with a solation of iodine had completely, or almost completely 
disappeared from the vessel to which bile salts had been added. Both 
mixtares were then rapidly boiled to stop the action. The digested 
mixture was then poured into a dialyser (made of German sausage 
paper) and dialysed in running water for four or five days, thymol 
being added to prevent decomposition (which did not occur) ; the 
dextrin, sugar, and most of the salts were thus dialysed away, and 
the total residue (starch) was estimated by evaporating the dialysed 
liquid to small bulk and filtering into alcohol. The precipitate was 
caught on a filter, dried at 100 * to 110* C., and weighed. The residue 
of undigested starch was thus estimated. The proportional amounts 
of sugar and dextrin were estimated by dialysing the liquids di- 
gested under the same conditions as those jnst described, in distilled 
water for four days, decomposition being prevented by the daily ad- 
dition of thymol. Equal quantities of the two dialy sates, the one 
containing sugar and dextrin, the other sugar, dextrin, and bile 
salts, were evapomted to small balk, the sugar estimated as dextrose 
by Fehling's solation, the dextrin by precipitating a measured 
quantity of each concentrated liquid by absolute alcohol, washing 
with absolute alcohol to remove bile salts, drying at 100* to 110*C<, 
and weighing. 

The results are shown in the following experiments s— 

Sa^erment D. — To one of two fiasks containing 200 c.o. of the 
staroh mixture (2 per cent.) 0‘6 per cent, bile salts was added ; 0*8 per 
cent, panoreatin was then added to both flasks and the mixture digested 
at 38 *C. for two minutes. The flask containing bile salts then gave 
no reaction with iodine solution, while that which contained pan- 
creatin al<me gave a purple reaction. Both fluids were then dialysed 
ih^Adistilled water, for four days, decomposition being prevented by 
the^daily addition of thymol Both dialysates, which were faintly acid 
and oontnioed no starch, were then evaporated to small balk^ and 
oaoh divided into two parts for the estimation of sugar and dextrin 
raveotively. The former was estimated as dextrose by Fehling’s 
piooesit the . latter by precipitating under absolute alcohol, filtering, 
lOftr- 110 * 0 „ and weighing. The Mult was 
• Prepared by Meisri. Ssvovy end Uooie. 
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Flaid to which bile salts had been 
added as well as pancreatin. .... 0*30 gram. 1*815 gmm* 

Fluid to which pancreatin only was 
added 0*24168 „ 1042245 ,, 

The addition of bile salts therefore had increased the production 
of sugar in the proportion 5:4, and that of dextrin in like pro- 
portion. 

Experiment E . — This experiment was conducted with the same 
proportion of each ingredient and in the same manner, with the 
exception that the fluids were dialysed in a stream of (tap) water; 
the total residue, after evaporation and treatment with absolute 
alcohol in the manner previously described, was estimated by drying 
and weighing. The residue in the fluid containing bile salts weighed 
0*314 gram, in the fluid to which pancreatin alone was added, it 
weighed 0*51.7 gram. These residues contained starch and a trace of 
peptone, but no bile salts nor sugar. 

Our conclunons may thus be briefly stated : — ^The effect of fresh 
and dried bile in hastening the pancreatic digestion of starch in the 
pig is due to the bile salts ; these salts possess the power of inoreoFing 
the amount not only of dextrin, bat of sugar estimated as dextrose. 

The authors are not at present in a position to explain this in- 
fluence of bile salts ; the pancreatic solution of starch proceeds more 
rapidly at first in laboratory experiments, and the retardation after a 
short interval is very marked. It is possible that the bile salts may 
favour its contiauanoe by entering into combination with the bodies 
which have this retarding effect. 


IL “ The Innervation of the Renal Blood-vessels.” By J. Rqseb 
Bradkoud, M.B., D.Bc., George Henry Lewes Student 
Communicated by E. A. Sohapeb, b\R,S. (from the Physio* 
logical Laboratory of University College, London). Re- 
ceived February 1, 1889. 

The following work was undertaken in order to map ont the origin, 
oonrse, and natnre of the renal nerves more accurately than had 
hitherto been attempted. It was oonsidered (more especially in the 
light of Gaskeirs well-known work on the sympathetio) important to 
decide whether the renal and other abdominal vascular nerves were 
of two kinds, vaso-oonstrictor and vaso-dilator, or whether the 
latter nerves could not be demonstrated to exist. This reeeareb was 
carried out exclusively on the dog, inasmuch as this was tho 
used by Gaskell in his work. 
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The principal conclusions arrived at in this communication will be 
arranged under the following three hoadinga 

I, The Origin and Oowm of the Vaso-cowifrictor Nerves, 

II, The Origin and Goutbs of the Vaso-dilafor Nerves. 

HI. The Btfev Phenomena of the Umal Vessels. 

It will be necesSBry, however, to describe sliortly tho method em- 
ployed. The genera) blood pressure and tho volume of the kidney as 
measured by Roy’s oncometer were i-eoorded simultaneously, together 
with a time tracing and a lever marking tlie moment and durtition of 
tho nerve excitation. In this manner both the general and the local 
effects of any given stimulation were doiermincd Bimnltanconsly. The 
method of preparation of the nerves was as follows : the rewts of the 
nerves were exposed inside tho spinal canal, the posterior roots were 
then divided inside the dura mater, aiid the entire nerve outside the 
dura mater arranged for stimulation with suitable electnides. In 
some cases the nerves were out and ligatured and tho distal ends 
excited. By tho use of one or other of these methods, tho danger of 
the exciting current spreading to the cord, and so producing reflex 
effects, was reduced to a minimum. In many experiments tins 
danger was farther eliminated by dividing tho cord above tim level of 
the nerves excited. 

In this communication a nomenclature is adopted which asiumos 
that the dog has twenty dorso-lumbar vertohras, of which thirteen 
are dorsal and seven lumbar. For excitation an ordinary Du Bois 
coil was used with Helmholts’s tnodiiicatioTi, and the rate of interrup- 
tion was varied, as will be mentioned more fully below from fifty per 
second to one per second. 

The anaesthetics nsed were chloroform and morphia, and after the 
completion of tho necessary operative procedure, tho animals wore 
oararised, artificial respiration and amesthotisation being maintained 
in the usual manner. 

It is well known that, when either the renal nerves or tho splanch- 
nic nerves are excited, a contraction of the kidney accompanied by a 
rise of blood pressure is observed. On exciting the lower dorsal 
nerves inside tho spinal canal the same general facts are observed, 
pA>vided tbo posterior roots have been divided and care be taken to 
prevent the spreading of the exciting current to tho cord. Before 
entering into further detail it is necessary to state that in order to get 
these effects the rate of excitation mast not be slower than five per 
•econd. Honoe, unless otherwise mentioned, it is to bo understood 
that tho rate of stimulation was a rapid one, t /i., fifty per second, 

1 , Origin and Course of the VasO’^constricior N ernes. 

No effects have been observed to follow tho excitation of the peri- 
pheral end of a divided posterior root. Furthermore, the same 

TOt. xtv. 2 B 
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roHolfc is seen to follow the stimulation of the divided anterior root, 
and the stimulation of the entire nerve outside the dara mater after 
previous set^tion of the posterior root. Hence we may conclude that 
no efferent vasomotor fibres 01*0 contained in the posterior roots. 

Excitation of the anterior i^oots, or of the entire nerve after pre- 
vious division of the posterior I'oot, is followed by contraction of the 
kidney and rise of goncral blood pressure when any nerve from the 
6th dorsal to the 2n<l lumbar is placed on the electrodes. Excitation 
of the higher nerves, c.7., tlio 4th or 5th dorsal, produces but slight 
effects on tho general blood prossnit), and in the higher ones still, t.e.f 
the 2nd or 3rd« the accelerator fibres are met with in ahnndance, and 
hence a small rise of pressure (due to tliis cardiac effort) is produced. 
On tho other liuud, the 3rd lumbar has in many cases yielded 110 in- 
sult on excitation, but occasionally a slight rise of general blood 
pressure has beeji observed. 80 that the Cth dorsal and the 2nd 
lumbar arc practically the limits of the series of nerves, tho stimula- 
tion of whicii causes any marked effects either on the kidney or on the 
geneiul arterial tension. 

The effects, however, are not equally marked with all those nerves. 
The lower dorsal nerves, i.e., from the 10th to the 13th, produce much 
greater effects, both on tho kidney and on the general blood pressure, 
than either the nerves above them or those immediately below thorn. 
So that although all tlie nerves from the 6th dorsal to the 2nd 
lumbar may contain fibres for the I’onal vessels, still their main 
supply is derived from tho 10th, llth, 12th, and 13th dorsal nerves. 

It follows from the above description that there is no very great 
separation between the paths followed by tb© nerves for tho kidney 
vessels and those destined for the vessels of the other abdominal vis- 
cera, However, the lower dorsal not only produce greater effects on 
the kidney and on tlie general blood pressure than the upper dorsal 
nerves, but what is more important the two effects do not vary directly 
with one another. Although usually a nerve producing a largo renal 
contraction causes simultaneously a great rise of pressure, yet this is 
by no means invariably the case, and a small renal contraction may 
be accompanied by a great rise of pressure and vice versd* The 12th 
and 13th dorsal nerves, for instance, cause usually a great renal con- 
traction, but the accompanying rise of blood pressure is not so high 
s with some of the nerves above them. Hence we must oonolude 
that in individual cases there may be small variations in the number 
of fibres going on tho one hand to the kidney and on the other hand 
to the other abdominal viscera. 

The contraction of the kidney occurs after a short latent period, 
and in a typical case it is sudden, marked, and very persistent, often 
lasting long after the excitation has ceased. The kidney then com- 
mences slowly to expand and along with thia expansion the blood 
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iveware falls to its normal height. Generally the kidney does not 
quite regain its former volume, in other words, its vessels remain 
slightly contracted os a more or less permanent after-effect. This effect 
is so small that it is not accompanied by nuy approciiiblo rise of blood 
pressure. In some coses after the excitation ItoH ceased, the blood 
pressure falls slowly but slightly below its pluvious height and then 
slowly regains its normal level. That is to say, the sudden and 
great rise of arterial tension is followed by slight, slow, and grudunl 
fall. This fall of blood proHsure is accompanied by a sliglit contrac- 
tion of the kidney, the volniue of the latter following exactly tlic fall 
and subsequent rise of blood preSKnro. This result m only occu- 
aionally seen when quick rates of excitation are used, but it b(3comes 
more frequent when such a rate as live per second is cinployed. 

It has been seen with most of the nerves, but it is more common with 
the upper than with the lower dorsal. Its full significance will be 
alluded to later, but this result is 710 doubt duo to the cxeitatiou of 
vaso-dilator fibres, the kidney effect being a passive one due to 
changes of blood prosHai*o produced in oUier organs. 

In a very small proportion of cases a rise of blood pressure is 
produced as usual, hut the kidney effect is a mixed one, t.e., there is 
first a slight expansion then a marked con tiaction. In a still smaller 
number of cases a renal expansion has been ol>served, geueially 
accompanied by a slight rise of the general blood pressure, but 
occasionally no such rise has ocenrrod. When the kidney expansion 
is accompanied by a rise of general arterial tension, it is no doubt duo 
to the kidney vessels being passively dilated owing to activo contmo 
tion havisg taken place elsewhere. When, howevez*, the expansion 
of the kidney is unaccompanied by any rise of pressure, it is difficult 
to avoid the conclusion that it is due to the excitation of actual vaso- 
dilator fibres ; however, better evidence than this will be adduced in 
aupport of the existence of these nerves. 

II. The Exiitetice and Oouree of the Yoeo-dilator Fihree. 

Hitherto no definite evidence has been adduced in support of the 
existence of vaso-dilators for the vessels of the kidney. If, however, 
the 11th, 12th, or 13th dorsal nerves be excited by slow rhythmical 
shpeks, t.e., one per second, it will be found that expansion of the 
kidney occurs unaccompanied by any rise of blood pi'cssure. This 
renal expansion is mai'ked in character and rather persistent in its 
duration, that is to say, the organ does not return completely to its 
original volume after the cessation of the excitation. It is clear that 
the renal expansion is an active one, since the nerve stimulation has 
produced no obvious effect on the blood pressure. This striking 
result is not so easily obtained with the higher nerves ; with those 
the same excitation prodnoes a fall of blood pressure, aooompanied 
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not by any expansion, but by a passive ooniraction of the kidney 
vesR^ia. In other woi*ds, with these higher nerves a dilatation is 
produced, not only of the kidney yeasols, but also of the vessols of a 
much larger area, and bunco the renal dilatation is unable to mani*- 
font itself. 

This view is confirmed by the results obtained on excitation of the 
Rplancbnio nerve. When this nerve is siininlated with quick rates, 
the kidney, a.s is well known, undergoes great contraction, and there 
is at the same time a largo rise in the general blood pressnro. With 
slow rhythmical stimulation, however, I have never succeeded in 
getting any renal expansion. This slow Btimutation, however, causes 
a Isrgo fall in the blood pressure, accompanied by a marked renal 
contraction. This renal contraction is obvionsly passive, since it not 
only exactly follows the fall of blood pressure, but, when the exciting 
current is shut off, the blood pressure undergoes a sudden and tem- 
porary rise, Ind tiiia rise is accompanied by a correspondingly transi- 
tory ronal expansion. In other words, the dilatation is one produced 
in a largo area, and the kidney vossols are affected seoondarily. 
Hence just as the ronal constrictor fibres are best marked in the 11th, 
12th. and 13th dorsal nerves, so the same is true for the dilator. 
These, however, hko the constrictors, probably exist in tbe higher 
nerves, but for the reasons given it is almost impossible to demon- 
strsto their existence positively, as they run with the dilator fibres 
for the vessels of the other abdominal visrei'a. 

Kxiutiition of the peripheral end of the divided vagus in the neck 
causes of course marked contraction of the kidney, owing to its inhi- 
bitory action on the hcMrt. which action is not obviated by the doses 
of curare employed. After small doses of atropine the stimulation of 
the cervical vagus has no effect on the volume of the kidney. Stimu- 
lation of the vagus in the thorax, «,e., beyond tbe point where it gives 
off its cardiac fibres, has also no effect on the volume of the kidney. 
Thus WG may conclude tliat there is no evidence to show that the 
vagus supplies any fibres to the renal vessels. 


111. Th^ Phenomena of the Renal Veeeels, 

Exoitation of the central end of the divided eciatic cauees, on shown 
by Roy, a oontraction of the khlney accompanied by a rise of tdgod 
pressure. This result I can confirm, as it occurs in by far the greatet 
number of cases. Oooaaioiially, however, this nerve oausee a slight 
expansion of the kidney, but this is not only very small in amount, 
but it is also very rare. Sometimes, as is well known, the oentnd 
end of the soiatio causes a fall of blood pressure, and when this oocnn 
it is accompanied by a renal contraction. The oeutral end of a 
divided intercofiM neree causes a slight rise of blood pressure^ aooom'- 
piinied by a small coutraction of the kidney vessels. 
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Th6 oeutral end of the divided vagwt In the rabbit causes a ooutrao- 
tion of the kidney, aocoinpaxiied of course by a rise of bloud presHure, 
In the dog this is also by far the most cotninon result. In the cat, how. 
over, and occasionally in the dog, the oxcitation of this nerve causes a 
depressor effect, i.e., a fall of blood pressure, and with this fall a 
passive shrinking of the kidney. The central end of the depresfKiT in 
the rabbit or of the vagns in the cat caiiHcH, as just mentioned, a gieat 
fall of blood pi*essuro, accompanied by a passive confc«Mrtion of the 
kidney. Although the blood pressure fall is always a largo one, the 
ofibet on the kidney volume is but slight. liero again .this effect is 
probably simply the result of the great dilahiHoti of the other abd(»mii.al 
vessels, neutralising, so to say, the renal diiatution, and so causing uu 
actual diminution in thu volume of the kidney. In a few cases in tlio 
rabbit, where the blood pressure fall has not been vei'y great, an 
initial slight expansiou of the kidney has been detected. 

The stimulation of tho centml end of a divided root pro- 

duces in almost all cases a great rise of gen oral blood pressure. I'his 
rise is not only large in amount, but it is very sudden, and also of 
rather short dui*ation. Tho pi^essure remains at the maximum height 
but a few seconds, and when the excitation is over falls towards its 
normal height; there is, however, generally u peraistent aiter-effect, 
that is to say, tho pressure i*emains a little higher than it was pro- 
vionsly to the stimulation. There is no very material difference between 
the rcBults obtained with the lower dorsal nerves and those seen with 
tho upper ones, in both cases a largo rise of pressui'e is obtained; 
oa the whole, however, the reflex rise seen with tho lo wi^r 
nerves is somewhat greater than that obtained with tlie upper 
iiorves. As a rule the rise of pressure is accompanied by a 
coTitra.ction of tlie kidney, marked in amount, but not of such a 
persistent character as that described above os following the oxcitation 
of the poripheiul end of an autorior iv^ut. Frequently the kidiioy 
effect is a mixed one, i.e., a ooutractioii followed by an expansion ; 
not nnoommoiily, however, there is an initial expansion, tho snhse- 
qneut course of which is interrupted by a conti'action. More fre^ 
quently stjll no contraction of the kidney is seen, it is replaced by a 
pure expansion, accompanied as before, however, by a great rise of 
blood pressure. This effect, however, is most often obtained with the 
lower doi«al nerves, e.y., the 10th to the 13th. Sometimes when the 
stimulation of a posterior root gives the renal expansion and rise of 
blood pressure, the application of the electrodes to the posterior 
saiface of the curd gives an equal rise of blood pressure, ocoiui- 
pauied, however, by contraction of the kidney. Hence the former 
effect, t.e., the renal expansion, is the result of a more local excitation. 
When the reflex exci ration causes expansion of the kidney tliere is 
profuse hemorrhage from the spinal wound. Now this hmmorrhage 
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ib not altogether to be explained as resulting simply from the height- 
ened blood pTOSBure, sinco an equal rise, produced say by the sciatio 
and accompanied by contraction of the renal Teasels, is not followed 
by this profuae hannonhage. Hence it is probable that not only is 
tliere a dilatation of the kidney vessels, but also of the vessols in the 
lumbar region of the body wall, hence the heBmorrhage, 

Harely excitation of a posterior root causes a depressor effect, there 
being a great fall of blood pi*ossare, and then as nsunl the kidney 
uudcTgoes a passive contraction^ owing to the large dilatation else- 
where. 

1'he results of reflox excitation can then bo summed up shortly by 
saying that the excitation of an afferent nerve causing a rise of blood 
pr*e8sai*e is at'oompaniod by a renal eontrai^tion, unless ilio nerve is one 
of what may be called the renal area. In this case the rise of blood 
pressure is accompanied ns a rule by either a renal expansion or else 
by a mixed liidnoy effect. If the afferent nerve causes a depi'essor 
effect due to dilatation of tho abdominal vessels, the kidney vessels 
probably share in that dilatation, but this is not seen by any actual 
ronal expansion owing to this being overpowered by the dilatation 
elsewhere, and honco tho kidney undergoes a passive shrinking. 

The other conclusions of this paper ore that the renal constrictor 
fibres leave the cord through the anterior roots of the nerves extend- 
ing from tho 6^h dorsal to tlie 2nd lunilMr inclusive. 

That, secondly, there are vaso-dilator fibres, as can eiisily be demon- 
strated with such nerves aa tho 11th or 12lh dorsal, but that in alt 
probability they also extend from the 6th dorsal to the 2nd lumbar, 
and for the reasons given above they cannot be demonstrated with 
certainty in the upper nerves, sinoo here they run with the vaso- 
dilator fibres for tho vessels of tho othor abdominal viscera. 

Hence there is no evidence to show that tho vaso-constrictor fibres 
and the vaso-dl later fibres reach the kidney by different routes. 

Finally, the giviit Bplauchnic nerve contains not only A^aso-con- 
Btrictor, but also vaso-dilatur fibres, for the vessels of tho abdominal 
viscera. 

The expenses of this research were partly defrayed by a grant 
obtained from the Royal Society. 
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III. The Innervation of the Pulmonary Vesflela," By .f. Rose 
Bradford, M.B., D.Sc,, George Henry Lewes Student, and 
U. Percy Dean, M.B., B.S., B.Sc. Communioated by E. A, 
Schafer, F.R.S. (from the Physiological Laboratory 
of University College, London), Received February 13, 
1889. 

Although hitherto most physiologists have considered that the 
pulmonary vessels probably possessed a system of vaso-molur nerves, 
yet no direct experimental proof of the existence of sneh a system 
haa been obtained. Still less has any evidence boon adduced tf> 
domoDStrato t)ie actual anatomical paths by which such nerves, if 
they exist, reach the lungs. Hence it seemed that the whole question 
was one deserving a further attempt for its solution. When this 
research was commenced, there wore practically only two facts which 
could be appealed to in support of the existence of these nerves. 

Firstly, Lichtheim observed that in asphyxia a rise of blood -press are 
may occur in the pulmonary artery unaccompanied by any rise in the 
aorta. 

Secondly, it has been shown that in the frog, irritation of the skin 
causes a contraction of the pulmonary vessels. 

It is clear that this second fact could not bo used as an argument in 
sup{K)rt of the existence of these nerves in the mammal, since the 
anatomical relations are so different in the two casus. 

With regard to Lichtheim^s observation, it is evident that it affords 
no very direct proof, since other conditions, such as venous distension, 
might easily account for the rise of pulmonary pressure. 

It was felt by us that the only really reliable method would bo to 
excite one by one the roots of the spinal nerves, and to observe the 
effects of such stimulation on the aortic and pulmonary blood- 
pressures Bimultoneously. 

The following method was employed : — A cannula, placed in the 
carotid az*tery in the usual manner, was connected with a mercurial 
manometer. In a similar manner a second mex^urtal manometer was 
then connected with the branch of the left division of the ptilmonaiy 
artery distributed to the lower lobe of the loft lung. This vessel was 
reached from the back by resecting portions of two or sometimes 
throe ribs. In this way a record of the pressure in tho left division 
of the main artety was obtained, and also a means of detecting 
ohangOB of pressure in the main artery. At the same time, the 
minimum amount of lung tissue was thrown out of gear. 

The upper dorsal nerves were then ox|X)Bed inside the spinal canal, 
and were ligatured outside the dura mater. By cutting through the 
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norvcB between the spinal oord and the ligature, the peripheral ends 
could be oBHily an'anged for excitation. 

In this way the fibres of both anterior and postenor roots are 
excited, but, as previously shown by one of us, no efferent vaso- motor 
fibres can bo demon stratod to exist in the posterior roots. Hence for 
our purposes this mode of excitation is practically equivalent to 
exoiting the anterior roots alone, and inaRinncb as a comparatively 
long stretch of tough nerve can bo obtained, the danger of the 
exciting cun^ont spreading to tlio spinal cord, and so producing refiex 
effects, is avoided. The nerves were oxoitod on the right side, on the 
same side us the uninjured lung. 

The two blood-pressure curves were rocoided simuHaneonflly on the 
same blackened surface, together with a time tracing and a lever 
marking the duration of the excitation. 

The ansDstheticB used were chloroform and morphia, and after the 
nerves had been prepared, a small dose of curare was injected, aiui 
artificial respiration maintained before opening the chest to insert the 
pulmonary cannula. 

Before desoinbing the results following excitation of the upper 
dorsal nerve roots, it will be necessary to deecribo shortly Uie relations 
oxiHiiiig bo tween the Hyntcmic and puhnoiiary blaod-[iressnres, and 
more especially what effects are produced on the pressure in the 
)m1monary artery by sudden aUerations of the blood-pressure in the 
systemic vessels. It is necessary to do this, as otherwise in many 
cases it might be urged that the effects of a given nerve excitation on 
the pulmouaiy pressure were simply due to the reaction of the 
pulmonary vessels to the accompanying carotid rise. In some cases 
this objection has no force whatever, since there is no carotid rise or 
there may even be a carotid fall. In other cases, in stimulation 
of the fifth dorsal neivo, there is often a rise of blood-pressure in both 
vessels, and so we see how important it is to got a clear notion as to 
what effect a given rise of arterial tension has on the pulmonary 
blood-pressure. 

Before describing the results we have obtained in this direction, it 
will be convenient to consider shortly the actual amount of the 
pulmonary blood-pressure, and the manner in which it is influenced 
by artificial inflation of the lungs. 

The pressure is found to vary between 16 mm. and 20 mm. of 
mercury in differeut dugs, these being the animals wo have always 
used in our experiments. The pressure in the main artery is a few 
millimetres higher than this. 

The pulmonary pressure is very oonstant in its height, not only in 
the same animal during the course of an experiment^ £ut also in 
different animals. In this point it contrasts strongly with the aortic 
presBurei since the latter is very variable iu amount after the necessary 



371 


1889 .] Thi Innervation of the ISdfnonary Veeeeh. 

operative procedure described above. The aortic prosatire mnst fall very 
low iudeed for tbo pulmonary pressure to be appreoiably ditniiiished 
in amount. The following is an instance bearing out the truth of this 
statement 

Scsciion of spinal cord at level of seventh dorsal tierve caused the 
aortic pressure to fall from 106 mm. Jfg to .^2 mm. Ilg. The 
pulmonary pressure fell from 16 mm. to 14 mra. Jig. Thus, while 
the aortic pressure fell to half its previous height, the pulmonary 
pressure only diniinibhed by onc-eighth of its previous amount. 

Artificial inflation of the lungs causes a rise of pressuvo in both 
systems followed by a fall during the subsequent expulsion of the 
injected air. The pulmonary rise is more sudden, and marked in 
character than tho aortic rise, but tbo rise and fall of prosHuro in the 
two vessels are, as far as can be determined, quite 8ynclin)nous. 

The effect of artificial inflations is tho same, whether tho vagi aro 
intact or whether they have been previously divided. 

We will now turn our attention to tbo effects produced on the 
pulmonary blood- pressure by a sudden increase in tho aortic prossure, 
It is evident that this rise of pressure in the systemic circulation 
must be produced in such a way as to avoid stimulating, if possible, 
the vaso- motor centre reflexly, although, as we shall see later on, the 
results obtained by i*eilex excitation are also valuable in deciding this 
question. 

Three methods have been used by us to produce a largo rise of 
blood^ pressure in the systemic circulation, and so to determine tho 
fiassivo effect of this rise on tho pulmonary circulation. They aro as 
follows : — 

I. The excitation of tho peripheml end of a divided splanclmic. 

II. The excitation of tho lower end of tlie spinal cord divided in 
the middle of the doraal region, and care being taken that no spread^ 
iug of tho ourrent to the ceutrsi end occurs. 

Hi. Compression of the tlioracio aoita. 

I. Zeuults obtained by ExcUiUton of tho Peripheral Ihid of a divided 

ii2)lanchm0n 

The rise of systemio blood-pressure is of course oonsiderable, in many 
oases it is doubled. Tho rise of pressure in the pulmonary artery is 
not, however, very marked. Thus in one case an ox citation lasting 
48 seoouds produced a rise of aortic pressure amounting to 64 inm. Hg. 
The aooompanying rise of pulmonary pressure was only 3 mm. Hg. 

The aortic pressure was rather more than doubled, having risen 
from 60 mm. Hg to 104 mm. Hg, on the other band, the pulmonary rise 
"Was from 13 mm. Hg to 16 mm. Hg, the mean rise being, however, 
8*6 mttt. Hg. 

Those resnlts are cnriously similar to those mentioned above, where 
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a fall of aortic pressare from 105 mm. to 52 mm. Hg was accompanied 
bj a palmonary fall of onlj 2 mm. Hg. 

Thus in two different animals sensibly the same effects wore pro- 
duced in the pulmonary pressare in opposite directions by practically 
equal changes of pres8ai*e in opposite dirootions produced in the aortic 
pressure. 

II. Beaults obtained by Excitation of the divided Spinal Cord, 

Pjxcitation of the lower end of the divided cord produces an enor- 
mous rise of general blood-pressure, but the acoompanying rise of 
pulmonary pressare is not only always small but it is frequently 
absent. 

Thus in one case stimulation for 38 seconds caused a rise of general 
blood- pressure amounting to 180 mm. Hg, and the simultaneous pal- 
monary rise was 0 mm. Hg. This is aii extreme case. In many 
instances the pulmonary rise was less than this, oven when the aortic 
rise was quite as marked. In this case the aortic prossuro rose from 
52 mni. Hg to 232 mm. Hg, imd the pulmonary pressure from 20 mm. 
Hg to 26 mm. Hg, thus altliough the aortic prossu 1*0 was quadrupled, 
the pulmonary pressure was only raised by less than one-third of 
its previous amount. 

III. Beeulh obtained by Compression of Thoracic Aorta, 

When this vessel is compressed about the middle of the dorsal 
region by the finger introduced through the wound, the aortic pres- 
sure measured in the carotid undergoes a groat and sudden rise, 
followed on removing the finger by a transitory fall. If the compres- 
sion bo maintained for only a short time, 10 seconds, then there 
is no rise of pulmonaiy pressure, although, of course, the aortic 
prasHure will have been gi'catly augmented, in this case from 104 mm. 
to 169 mzn. Hg, a rise of 65 mm. Hg. 

If, however, the comproesion be maintained longer, then the pul- 
monary pressure rises as we see from the following experiment : — The 
aorta was compressed for 30 seconds, and the aortic pressure rose from 
71 mm. to 128 tnm. Hg, and that in the pulmonaiy artery from 19 mm. 
to 22 mm. Hg. 

In all three of the preceding series of experiments the pulmonary 
rise is very small when compared with the enormous effects produced 
in the aortic pressure. In all these cases the pulmonaiy rise was 
roughly one-twontieth of the simultaneous rise in the systemic cir- 
culation. Not only is the rise of pulmonary pressure small when 
compared to the aortic rise, but tbe actual pulmonary rise is but a 
small fiuction of tbe total pulmonary pressure. Thus, although some 
of the above methods may double or even quadruple the aortic pressure, 
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yet none of them caeses anythiog like a doubling of the pnlmonory 
preflBure. 

In other words, when a great aortic rise ban sncceeded in producing 
a pulmonary rise, the latter is not only small relatively to the aortic 
rise but also relatively to the pulmonary pressuro itself. We may 
conclude that not only must a groat rise of aortic prossnre occur in 
order to produce any appreciable rise of pulmonary prosBure, but also 
that this rise must be of some dumtion. 

The further discuBsion of the mode in which arise of aortic pressure 
produces a rise of pulmonary pressure will be eutei'ed into at the rloso 
of this communication. Having thus described shortly what may be 
called the mechanical effects of rises of aortic pressure on the pul- 
monary circulation, we will now consider the results of reilex 
excitation of such nerves as the sciatio and vagus, 

Besults of Excitation of the Central End of the divided Sciatic, 

It is well known that the rises of aortic pressure produced by the 
excitation of this and other afferent nerves are frequently very con- 
siderable. This is especially the case with the sciatic nerve. 

In one case the stimulation of the central end of this nerve gave an 
aortic rise of 3C mm, Hg, and the accompanying pulmonary rise was 
only 2 mm. Hg, i,e., one-eighteenih of the aortic rise, that is to say, 
nearly the same ratio as that obtained in the previous experiments 
described above in the passive reaction of the pulmonary vessels to 
rises of general arterial tension, in another instance, with an aortic 
rise of 30 mm. Hg, there was no simultaneous pulmonary rise. 

Results following Excitation of the Central End of divided Vagus, 

With this nerve somewhat different results are obtained. 

Thus, in one case, the aortic rise was 32 mm. Hg and the pulmoni^ry 
rise 4 mm. Hg, i.s., the relative ratio of the two effects being one-eighth. 
This result was obtoinod in the Ramo animal that previously gave with 
the sciatic a ratio of one-eighteenth. In the case of the vagus the 
pulmonary rise was double that observed with the sciatic, although the 
aortio rises were almost the same in the two ensoa, t.e., 36 mm. and 
82 mm. Hg. It is clear then that, although in this animal the vagus 
and sciatic gave on stimulation practically eqnal effects in the systemio 
Teasels, yet the results on the pulmonary vessels were by no means the 
same in the two cases. Hence the only oouclusion is that excitation of 
the central end of the divided vagns caused a reflex contraction of the 
pulmonary vessels and thus caused a heightenetl pulmonary tension. 

In the oat fi-oqueutly and in the dog occasionally the stimulation of 
ibe central end of the vagus causes a fall of blood-pressure instead of 
a rise, in many cases the fall of aortio pressure is considerable. Thus 
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in one ezperimont the central end of left vagne was excited for 
28 seconds and the aortic pivssaro fell fiom 112 mm. to C6 mm. Ug, 
t. 0 ., a fall of 56 mra. Hg. The pulmonary pressure fell from 17 mm. 
to 14 mm. Hg, i.s., a fall of 3 mm. Hg. 

This pulmonary fall is rather greater in amount than that previously 
doBortbod as occniTiug after soetton of tlte cord in tlie duraal regiotif 
bat it is not too largo to be explained on the grounds of a passive effect 
owing to the large aortic fall. 

It is, however, with stimulation of the posterior surface of the 
spinal cord that the greatest relative effects are seen. When this 
mode of excitation is used the rise of pulmonary pressure is frequently 
as much as one-tonth of the simultaneous aortic rise, t.r., the ratio is 
higher than with any of the previous methods of experimoniation. 

No doubt part of this effect may be dne to the direct excitation of 
the pulmtiiiary vaso-iuotor fibres, as will he shown below. Probably, 
however, the resnlt is mostlj' due to reflex effects dependent on the 
cord stimulation, and this is confirmed by the fact that excitation of 
the central end of a divided posterior root of the upper nerves will 
cause a great relative rise of pulmonary pi'essure. 

On the other hand, the excifntion of the centml end of a divided 
intercostal nerve oauses but slight effects both on the pulmonary and 
on the aoi*tic blood-pressures. Occasionally the central end of an 
intercostal produces depressive effects similar to those just described 
for the vagus. 

Having thus determined the relation existing between a given rise 
of aortic pressure and the euincideiit passive pulmonary rise, and also 
the effects resulting fi-ora reflex excitation of the coixl, vagus and 
sciatic, we will now pass on to the question of the existence and 
paths of the vaso- motor fibres. 

If the upper pai't of the medulla oblongata be excited it will, of 
course, be found that a laige rise of aortic and pnlmonary pressure 
will be observed. If, now, the spinal cord be divided at about the 
level of the 7th dorsal nerve and its lower end excited, then just as 
great or perhaps gioater rise of aortic pressure will be observed, but 
the pulmonary rise will be either very small indeed or else entirely 
absent. 

If the upper part of the medulla be now again excited, the rise of 
aortic pressure is small owing to the section of the cord, but the pul- 
monary rise is as great as before. With stronger excitation this rise 
of pulmonaiy pressure becomes greater whilst the accompanying aortic 
rise is still comparatively small. Thus, in one case, the excitation of 
the lower end of the divided coixi caused an aortic rise of 150 mm, Hg. 
The accompanying pulmonary rise was less than 2 mm. Hg. Ou now 
exciting the medulla in the same animal the aortic preunre ]*osa 
55 mm. only, owing to section of the oord, but the pulmona)*y preMure 
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TDB« from 16 mm. to 22 mm. Hg, «.e., 6 mm. Thas in the latter cape 
the aortio riae wae one- third of what it was in the previous exporimentf 
bat the pulmonarj rise was three times as great. 

This experiment then clearly demonstrates that the pulmonary 
pressure is not dependent on the aortic rise, since the latter can be 
obtained without the former, and a pnlmouary rise, yeiy considerable 
in amount, can be obtained when the aortio rise is either small or 
large. 

Hence this resnlt points strongly to the conclusion that the vaso- 
motor centre oan inBuenco the pulmonary vessels directly. In the 
light of Guskell’s work on the sympathetic, we naturally turn to the 
roots of the upper dorsal nerves, and we are enabled to map out the 
paths by which these vaso-motor nerves reach the lung. 

When the peripheral end of such a nerve as the Cth or 7th dorsal is 
excited a rise of pressure in both the pulmonary and aortic system is 
observed. The pulmonary rise, although considerable, e,g , H or 
4 mm. Hg, is not out of proportion to the aortic rise which, with these 
nerves, may be as much as 30 or 40 mm. ilg. On ascending, liowevcr, 
very different results are obtained. Thus in one case the 5th dorsal 
gave an aortio rise of 10 mm. Hg only, but the pulmonary rise wns 
3 mm. Hg. Clearly the latter was not a passive effect of the former. 
In another case the 4th dorsal gave an aortio rise of 20 mm. Hg, and 
a pulmonary rise of 4 mm. Hg« 

Perhaps, however, the most marked and conclusive result is seen 
with the 3rd dorsal nerve. This nerve frequently causes no aortio 
rise, and, indeed, sometimes actually a fall, e.p., 10 mm. Hg, but in both 
these cases there is a distinct pnlmonary rise of 3 or 4 mm. Hg. We 
sometimes get such a fall in the aortio pressure accompanied by a 
pulmonary rise with the 4th nerve and twice we have seen it with the 
5th nerve. 

As a rate these effects cannot bo obtained when the acoeleraitors 
produce marked effects, and hence no very definite results have been 
obtained from stimulation of the 2nd dorsal nerve. Often, however, 
the heart is already beating rapidly, so that irritation of the accelerator 
nerves causes no further increase in rate, and it is under these oirenm^ 
stances that the pulmonary vaso-moior fibres can be most easily 
demonstrated. Thns, as we pass from the 7th to the 2nd nerve, the 
effect of their excitation on tbe aortic pressure diminishes as we pass 
from below upwards, and the upper nerves may even causo a fall of 
pressure in systemio cnroulation. On the other hand, the efTeot on the 
pulmonary pressnre seems to increase as we pass from below upwards. 
Hence we may oondode that the vaso-consiriotor fibres for the lungs 
leave the spinal cord in the roots of the dorsal nerves from the find 
to the 7th. 

An attempt was made to separate the pulmonary nerves from the 
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oardiao nerves in the branches of the ganglion stollatnni and in the 
annulus Yieussenii. As yet, however, we have not been able to 
separate the pulmonary vaso-motor fibres from the accelerator fibres. 

The objection will of course be made that the effects are slight, 
and no doubt they arc, but when we consider that enormous changes 
in the aortic prosHure produce such extremely slight effects, it is clear 
that, small as those effects are, they conclusively show that they are 
dependent on the contraction of the pnimonary vessels, and not on 
any passive effect from the slight rises in the aortic pressure. 

There seems no doubt that the vaso-constrictor mechanism of the 
lungs is not very highly developed. It is impossible to get anything 
like a doubling of piilmonary blood-pressnro by any kind of nerve 
excitation, although the systemic blood-press nro can easily bo doubled 
or oven quadrupled. The amount of possible contraction of the 
pulmonary arterioles is prolmbly not nearly so groat ns that of the 
systemic vessels, and this view is confirmed by the results of asphyxia 
oil the pulmonary circulation. 

Rceulta of ABphy0 1 a on the Pulmonary Circulation, 

In asphyxia both the aortic and the pulmonaiy blood-prossures 
undergo a considerable rise, but the rise of pressure in the pulmonary 
vessels lasts longer than that in the systemio, so that when the aortic 
pressure is falling rapidly, the pulmonary may be at its highest point. 

The rise of prossnre occura synchronously in the two sets of vessels, 
and the general course of the two curves is the same, except that the 
pulmonary rise is more gradual than the aortic rise. As a rule, the 
sadden and gi*eat elevations seen on the aortic blood-pressure curve 
are not well seen on the pulmonaiy trace, but notwithstanding this, 
the maximum rise of the pulmonaiy pressure may bo very considerable, 
e.g., it may be doubled. 

If, however, so large an effect as this is seen, the aortic pressure 
will have undergone a very much greater relative rise, i.c., it will 
have been quadrupled. 

The Tranbo curves, so well marked on the aortic blood-pressure 
tracing, are but faintly marked in the case of the pulmonaiy artery, 
and hence it is difficult to say whether the effects are direct or due 
simply to passive reaction from the systemio ciniulation. It is probable, 
however, that they are direct. 

The ouriona maintenance of the pulmonary pressure at such a 
.height as death approaches, when the aortic pressure has fallen 
perhaps to half its previous height, is probably due to venous disten- 
sion as much as to the increased peripheral resistance, but this is a 
point we wish to investigate further. 
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ConcludonB. 

The pultnonarj yesfiels of the dog arc supplied ^ ith Taso-motor fibres 
leading the cord through the roots of the uppermost dorsal norves. 
No efferent vaso-motor fibres have been detected in the vagus noiTO. 

The pulmonary circulation is comparatively independent of the 
systemic, and alterations in (ho blood- pressure of the latter must bo of 
large amount to affect the pulmonary blood-pressuro. It is probable 
that no rise of aortic pressure can materially infinenec the pulmonary 
blood-pressure, unless it is so great in amount or duration that tho 
heart muscle and valves are unable to cope with it, and so an actual 
regurgitation is produced. 

It is possible that tho pulmonary blood-pressure can also be affected 
hy rises of systemic pressure ctiusing venous distension, and bonce on 
increased supply to tho right side of the heart. 

Finally, although it is undoubted from the results of this reseax'ch 
that the mammalian pulmonary vessels receive vaso-motor nerves, yet 
it is probablo that tho vaso-motor mechanism is but poorly developed 
tis compared with that regulating the systemie arteries. 

In this raspect it may be that the pulmonary system holds an inters 
mediate position between the systemic arteries on the one hand and 
the veins on the other. 

This question we hope to elucidate by a further research. We also 
hope that, shortly, wo shall be able to give the results of our rcscai-ches 
on the vaso-dilator nerves of the lungs. 


Presents, February 21, 18&9, 
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Professor G. G. STOKES, D.G.L., President, in the Choir. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read ; — 

I. “On the Spectra of Meteor-swarms (Group III).” By J. 
.Norman Lockykr, F.R.S. Received February 14, 1889. 

1. Introductory, 

Up to the present time the prevailing idea has been that nebulsB, 
stars, and comets represent different orders of bodies in the cosmos, 
and all classifications have proceeded on the assumption not only that 
tiiese bodies are variously constituted but that in the case of the 
“ stars *' all are becoming cooler. In a paper communicated to the 
Royal Society in 1865,* Dr. Huggins writo : “ My observations, as 
far as they extend at present, seem to be in favour of the opinion that 
the uebulsa which give a gaseous spectrum are systems possessing a 
stmetore and a purpose in relation to the universe, altogether dis- 

• * Boy. Soo. Froo.,* vol. 14, p. 89. 
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tinot and of another order from the great groap of oosmical bodiea to 
which our son and the fixed stars belong." 

With regard to the most generallj accepted clsssificaition of stars, 
that of Vogel, Dnn^r (** £)toiles k Spectres de la 3me Classe **) writes, 
** Solon la il faudra quo tdt on tard toutes les ^toiles de la 

premiere classe dovicnnrnt de la secoude, et cellen-oi de la troisidiue.*’ 

Vogel, and before him, others, working on the assumption that all 
the heavenly bodies were reducing their tetnpernture, practically 
included all stars between the hottest and the coldest in one class 
(Glass Ha of Vogel), 

In previous papers to the Royal Society T hn^o adduced evidence to 
show that all cosmical bodies are or hare been metoor-Bwarms, that 
at the present time some are increasing and' some are reducing their 
temperatm*6. Thus, in the Bakerian Lecture, 1888, T demonstrated 
that nebulsB and stars of Group II (Class Ilia) aiH) still increasing in 
temperature by the condensation due to gravity, and that the red 
stars of Gronp VI (Class lllh) are at a nearly equal mean tempera- 
ture to stars of Group IT, but are coaling bodies. 

In these extreme cases the differentiation between the two groups 
was comparatively easy. In the case of those stars which are a little 
less hot than the hottest, whether they are getting hotter or cooler, 
the spectral difference cannot nearly be so well marked, as both 
classes will have line spectra ; but it was essential to my hypothesis 
that these bodies should be resolvable into two groups, one increasing 
and one decreasing in temperature, with spectra proper to each. 

The object of the present paper is to set forth the evidence which 
shows that this differentiation is possible, and to suggest the lines 
along which future researches on the subject might follow. 

In this paper, which is only to be regarded its preliminary, I pnr^ 
pose to state the information alraady obtained with respect to 
Group HI, and i(s relation to the two graups which bound it, in 
order that the validity of the distinction that I have drawn may be 
further tested. At present the observations are not sufficiently 
detailed to enable a olassification into species to be made, as was done 
for Group II, go that we have to be contented with a general aiaic- 
ment of the sequence of phenomena in passing from the early to the 
later stages of tlie group. 

The observations lay no claim to great accuracy ; only small disper- 
sion bas been employ^, and only a roconnaisnance has been attempted. 
The general method has been first to observe the differences between 
stars like Capella, which mostly resemble the sun, and those like 
a Gygni and « Tauri, which show marked variations. In this way 
the criteria which are hereafter enlarged upon were determined. 

Particular attention was directed to the manner in which the 
flutiugs which form the special characteristic of Group II died out in 
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pMaiBg^ from Oxonp II to Oroap III; and vhat other phenomena 
accompanied the transition, and irhat were the special phenomena 
which accompanied the gradnal distension of the hydrogen lines in 
passing to Group IV*. There has not been a BufBotetit nnmber of fine 
nights since the work commenced to enable this to be done com* 
pletely. 


II. General Statement of Condiiiona. 

A general statement of tlio conditions of the problem was given in 
the Bakerian Lcctnre (p. *26); and I here reproduce the greater part 
of what 1 then wrote on the subject. 

“ The passage fx*om the second group to the third brings ns to those 
bodies which are increasing their temperature, in which carbon radia- 
tion and fluting absorption have given place to Hue absorption. At 
present the data already accumulated by other observers have not' 
been discussod in such a way ns to enable us to state very definitely 
the exact i*etrent of the absorption — by which I mean the exact order 
in which the absorfition lines fade out from the first members to the 
last in the group. We know genexally that the earlier bodies will 
contain the line absorption of those substances of which we get a 
paramount fluting absorption in the prior group. We also know 
geneiully that the absorption of hydrogen will increase while the 
other diminishes. 

** The next group — the Fourth — brings us to the stage oE highest 
temperature, to stars like a Lyree, and the division between this group 
and the prior one must be more or less arbitrary, and cannot at present 
be defined. One thing, however, is quito clear, that no celestial body 
without all the ultra-violet linos of hydiogen disooverod by Dr. 
Huggins can claim to belong to it. 

** We have now anived at the culminating point of temperatnre, 
and next pass to the descending arm of the curve. The Fifth Group, 
therefore, will oonteiu those bodies in which the hydrogen lines begin 
to decrease in intensity, and other absorptions to take place in conse- 
quence of reduction of temperature. 

** It seems fair to assume that physical and chemical combinations 
will now have an opportunity of taking place, thereby changing the 
constituents of the atmosphere; that at first, with every decrease of 
temperature and increase iu the absorption, lines may be expected, 
but it will bo unlikely that the coolest bodies in this group will 
resemble the coolest bodies in Group III. 

*' Up to the present time observers have not recognised the import- 
ance of these considerations, and since only one line of temperatnre, 
aud that a descending one, has bera considered, no elForts hare been 
made to establish the necessary eriteria between Groups III and V." 

It follo^ps from the above that criteria are only possible from the 
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iliat on tbe ascen<^i&g side of the cnrre the vaiying volatilities of 
the xneteoritic constituents of the swarms brought oat by saocessivelj 
higher temperatures are in question, whilst on the descending side of 
the curve we have to deal with successive chemical combinations, 
brought about by a fall of tomperaturo in a gaseous mass. 

111. Balation between the Early Species of Qroup III artd the Later 
Species of Group IL 

Since bodies of Group III are produced by the further condensation 
of the condensing swarms which I have included in Group II, there 
must be a close relation between the earlier species of Group Til and 
the later species of Qroup II ; that is, if there bo anything like the 
continuity which my hypothesis demands. We know, for instance, 
that in the later species of Group II, there arc fiuiings both dark and 
bright, and dark lines, amongst the latter being 6, 1), and E. As the 
lines are produced, so to speak, at the expense of tbe ilntings, we 
should expect to find that lines of magnesium, sodium, manganese, 
and iron are the most prominent, especially in the earlier species of 
Group 111. In a Orionis we have associated with the metallic flutings 
the lines 5 and D, and both are well developed, K is also present, but 
it is not nearly so strong as & or D. The F line of hydrogen is shown 
as a thin line in a photograph of the spectrum taken by Professor 
Pickering, although, as far as I know, it had not been previously 
recorded. With an increase in temperature, a condensing swarm 
like m Orionis would give a speeiram without flutings ; the magne- 
sium flutings would be replaced by and the iron fluting would be 
replaced by iron lines, of wbioli E and the line nt 579 would be the 
most prominent. F is absent in most of the stars of Group II, 
beoause the radiation of hydrogen from tho interspaces is just suffi- 
cient to balance the absorption; but in bodies of Qroup III, the 
interspaoial radiation will have almost disappeared, and absorption 
will be predominant. We shall thus have F appearing thin in the 
early stages of Group III, and gradually thickening until it becomes 
as thick as in a Lyras. 

In the earliest stages of Group III wo should therefore expect to find 
F and E thin and h and D thick. As yet we Lave no evidence as to 
the first appearances of dark h and D in Group II, but future obser- 
vations made with special reference to this point will at once indicate 
in what species they first make their appearance as absorption lines. 

With the next increase of temperature P and E will thicken, hut h 
and D will show no marked difference. With a further increase 6 and 
D will lose their supremacy, and will be only of about the same thiok- 
ness as F and E, because most of the magnesium and sodium would 
hate been driven out with the first rise in temporatura. Afterwards 
iW the lines, except those of hydrogen, will gradodly thin out on 
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Mooant of the increafled temperature. Finally, the spectrum will be 
of the type represented by « Lyna. 

The question hero arises, where are we to draw the line between 
Group II and Group III ? If my definition of Group II as the 
" mixed fluting ” group bo accepted, we must obviously draw the line 
at the stage where car^n radiation disappears. Tlie iron fluting at 
615 remains for a considerable time after this happens, so that the 
earliest species of Group III will be marked by the absorption 
flitting of iron in addition to the characteristic line absorption. This 
being the cose, observations show that A.ldobaran is a good example 
of nn early stage. 

IV. TAe llelaticns of the Later Species of Group III to Stars of 

Group IV. 

The spectram characteristic of Group IV is that of excessive 
hydrogen absorption, with other lines exceedingly faint. In passing 
fi*om Group III to Group IV, therefore, the hydrogen lines mast 
thicken whilst the metallic lines thin. In a letter to M. Dumas in 
1872 I suggested that possibly the simplification of the spectram of 
a star might be associated with the highest temperature of the vapour, 
and that idea seems to have been accepted by other investigators 
since that time. It is now generally accepted that stars with thick 
hydrogen lines (Group IV) are the hottest stars. 

The reason why wo have hydrogen absorption in such great excess, 
is, I have little doubt, that most other substances have been dis- 
sociated by the intense heat resulting from the condensation of the 
nieteorio swarm. We are, in fact, driven to this conclusion, because 
the hydrogen which was originally occluded by tho meteorites must 
have been driven off long before this temperature was reached. 

In passing from a star like • Tauri to one like a Lyre, the metallic 
lines would thin and disappear in some order determined by their dis- 
sociability or some other quality. The later stars of Group III are 
therefore veiy closely related to stars of Group IV, and the division 
between the two must be more or less arbitiary. For simplicity's 
sake, I have taken Group IV as tho point of maximnm temperature. 

V. The Ohsorvatione having reference to Specific Differences in 
Group III, 

The observations have been made at the Astronomicid Laboratory 
at South Kensington by Mr. Fowler, assisted by Messrs. Baxandall 
and Coppen (with the 10-inch equatorial and star spectroscope by 
Hilger) in connexion with my own observations at Westgate (made 
with a 12-inoh mirror, kindly lent to me by Mr. Common, and a small 
Maclean spectroscopic eyepiece). All measurements and oomparisous 
BQggested by my own observations were made by my assistontsi as at 
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present I have no meana of doing fchui myself. The stars selected for 
observation were a few of the brightest hitherto known as belonging 
to Class 11a of Vogol's clasBification. A few stars more advanced than 
the Ila stars and a few less advanced were also observed in order that 
the passage from one group to the other might bo determined. 

The main points to which attention was directed wore (1) the 
relative intensities of F, h, E, D, boili in the same star and from star 
to star ; (2) the lines which appear to bo special to one group or the 
other (III or V). 

The importance of observing the thickness of F in the speotrnm of 
a star, as compared with its thickness in other stars, is obvious, for it 
at once enables us to fix the position of the star on the temperature 
curve immediately we have determined whether its temperature is 
increasing or decreasing. 

Details of the observations of the thirteen stars which appear to be 
on the ascending side of the temperature curve are given below. One 
of these Is a Group IV star, and one is a swarm of the last species of 
Group II. The remainder belong to Group III. 

The stars are arranged in order of temperature, beginning with the 
lowest, as far as the observations enable us to do this. In general, 
the observations have been limited to the region of the spectrum 
lying between F and the iron doting in the red at wave*length 615. 

The wave-lengths of the lines and flutings were determined by 
direct comparison with the electric spark, and with the lines and 
flntinga seen when the various substances ai-e volNtllisod in tlio 
Bunsen burner. On one or two occasions, comparisons were also 
made with the spectrum of the Moon. 

• Ceti . — F is fairly well seen, but it is not nearly so thick as 5 or 
D, and not quite as thick as E. D is pretty thick and lies in the 
Mn (2) fluting (586), 6 is also thick. The trio of lines* in the 
green is present, the moat refrangible member being the darkest. 
Lines are present at about 579 and 568-5, the former being the stronger. 
Lines at ^9 and 552 rather thin. The absorption Fe (1) fluting at 
615 and Mn (2) are both present, bat far less intense than in Mira 
Oeti. The flutings Mn (1) 558 and Pb (1) 546, are also both feebly 
visible. The brightest fluting of carbon at 517 is just perceptible. 
This is therefore a very late star of Group 11. It is, in fact, the most 
advanced Group II star of which observations have at present been 
made. 

i Awrigm . — Spectrum greatly resembles that of Aldebaran. F is 
thin. D is very thick, and more prominent than 5. The trio of lines 
in the green is wed seen. 579, 568, and the lines near 546*5 and 558 
are well seen. The lines at 499 and 552 are also present. The iron 

* The trio refeired to in the observstionf eomprieet the hnee E (5968), 5897, 
540. 
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fluting at 615 is present, and is a K^le stronger than in Aldebaranh This 
and the relative thickness of F lead to the conclusion that the star 
falls between « Ceti and Aldebaran. Carbon 517 has disappeared. 

a Tauri.^^ F, E, and 499 are all about the same intensity, but none 
of them are so strong as h or U. The trio is present, E being a little 
thicker than the second and third members. All three are seen to be 
double wlien a high power eyepiece is employed. 579 is nearly as 
thick as E and is stronger than 568. Groups of linos near 540 and 
558 are fairly strong. 552 is also well scea. The Fe (1) fluting in 
the red (615) appears rather weak, and a pretty strong line runs 
throQgh it near the most i*efrangible edge. Tliere is also a line 
between h and 499, another between E and 5327, and many others. 
The Mn (2) (586) fluting is possibly visible at times. 

X OpkiuchL — F is slightly stronger than in « Tanri, but is a little 
thinner than E. Not so thick as in a Cygni or a Serpentis. D is the 
strongest line in tlie spectrum and h comes next. 579 and 568 are 
both about the same intensity as £; so is 540, whilst the remaining 
member of the trio is inther weaker. The lines near 546 and 558 are 
fairly strong, as is also 499. The iron band in the red is absent. 

fi Ophiuchi . — F and E are about equally thick in the spectram of 
this star. F is thicker than in Arcturus, but is not so thick as in 
« Cygni. The trio is complete, all the three linos being very well 
seen, b is the strongest line in the spectrum and D is the next. 568 
is present, but weaker than 579. The lines near 540 and 558 are 
also certainly present. The line at 499 is about as thick as E. 552 ia 
present. 

€ Pegabi , — F is about as strong as in a Aquarii ; D and h are about 
equal and as strong as F. 579 is stronger than 568 but is not quite 
80 strong as D. E and 540 are not nearly as strong as 579 ; the other 
member of the trio (5327) is very distinct. 499 and the lines near 546 
and 568 are all fairly strong. 552 is also present. 

a Aquarii, — F and h seem about equal in intensity in the speotmm 
of this star. D is not quite so strong as 5, but is a little stronger 
than E; the other two lines of the trio are rather faint. 579 is about 
as strong, or perhaps stronger, than E. 568 is much weaker than 
579. 499 is a fairly stroog line. The lines near 546 and 558 are well 
Tieible. 

7 Aquiks , — F is not nearly so strong as in « Aquilaa, and is a little 
thinner than in « Cygni. 6 and D are well defined, and about equal 
in intensity, whilst E is a little weaker ; the remaining members of 
the trio are fainter than E. 579 and 568 are present, tlie former being 
about as strong as E, but the latter is barely visible. 499 and the 
faiut lines near 546 and 558 are present ; also an important line leas 
refrangible than U, which was found by oompariaon with the eleotrio 
spark to be near 598. Another fainter Hue waa seen near 612. 
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m Cygni , — All liu©B except those of hydrogen are rather faint. F is 
the thickest line, G oonld not be seen very well, but C was well 
visible. D is fairly strong in comparison with b or E. E seems a 
little fainter tlian 6, but stronger than the other members of the trio. 
579 and 568 aro seen, the former being much the stronger ; it is 
almost as strong as D. The line near 499 is not very strong, and 
there appears to be a line on each side of it. The faint lines near 546 
and 558 are also visible. 

7 Cygni.— The lines are mneh easier to see and much more nnmorous 
than in a Cygni, although the whole spootrum is very much fainter. 
F is thicker than in » Cygni, and G is also visible. D and h are about 
equal in intensity, E is about the samo as D, hut much stronger 
than the other momhers of tho trio. 579 is nearly as strong as E, but 
much stronger than 568. 499 is faint but certainly present. The 
lines near 546 and 558 ai*e also present. 

6 Cygni . — All tho lines except those of hydrogen are faint. P and 
G are thicker than in 7 Cygni, and therefore thicker than h or E, 
whilst E is thicker than the other niembers of the trio. 579 is a 
little stronger than 568. 499 and the linos near 546 and 558 are 
about eqnal, but very faint. 

fi iVrset, — All lines faint with the exception of those of hydrogen. 
F and G both thick. 5, D, and E are about equal iu intensity. The 
remaining two members of tho trio are also as thick as E. 579 is 
present, but 568 could not be seen. There is also a line near G, about 
450; it is seen in the Henry Draper Memorial photograph of tho 
spectrum of this star os a double, but it could not be resolved with 
the power used. 

A Aquilm . — All linos very faint except thoso of hydrogen. P and 
G very thick. 6, D, and E very faint but about equal in intensity. 
579 is not quite so strong as D. 499 is fairly well soon, as are also the 
two lines near 546 and 558. 

mJjyrm. — All the lines except those of hydrogen are exceedingly 
faint. ¥ is very strong but G is not quite so thick, h and D are 6ne 
lines, and about equal in intensity. The trio is undoubtedly present 
as also the lines near 546, 558, und 579. 

The results of the observations which have been referred to are 
embodied in fig. 1. The star at the lowest temperature is on the 
lowest horizon, and tho one at the highest temperature is on the top 
hortson. The thicknesses of the lines have been greatly exaggerated 
in the diagi*am, in order to render tho variations more obvious. 
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l*be mve-lengtlu and origins of the lines and flatings recorded in 
the observations are shown iu the following table : — 


Wave-length. 

Origin. 

Wavo-longth. 

Origin. 

434(a) 

H^rdrogen. 

652 

Magnosinm. 

486 (K) 

499 

It 

P 

568 (fluting) 

II (line) 

Manganese (1) 

P 

61661 


668 

Sodium. 

6172 Wft) 

Magnesium. 

679 

Iron. 

6183 J 

Manganese. 

686 (fluting) 

Manganeiie (2). 

6268 (B) 

Iron. 

680(D) 

Sodium. 

6827 

If 

598 

P 

6400 

Manganese. 

612 

? 

646 (fluting) 

•1 (Ime) 

Lead (1) 

P 

616 (fluting) 

Iron. 


VI. Gritcria between Oroupa III and V as deduced from the 
Obaervatione, 

The general conclnRion to be drawn from the observations is that 
there are several lines in the spocti'a of stars on the ascending side of 
the temperature curve, which do not occur in stars with a apectrom 
resembling that of the Sun, which mnst lie on the descending side of 
the onrve, as we know it to be cooling. 

Some lines, such as F, h, D, and £, are common to both sides of the 
carve, though the relative intensities are slightly different. 

The principal criterion in the visible part of the spectmm is the 
doable line about wave-length 540, which, with the two iron lines 
E (5268) and 6327, forms the trio referred to in the observations. 
Each member of the trio is seen to be double when a high power is 
used. These three equidistant lines, which arc of nearly equal inten- 
sities, are well seen in Aldebaran and several other stars, but are not 
seen as such in either Aroturus or Capella. 

Tn Arcturns and Capella, as in the Sun, there is a double line 
(5403, 5404*9) which makes an almost eqnidistant trio when com- 
bined with E and 6327. Direct comparison with Group 111 stars, 
however, shows that the linos are not coincident. On one or two 
occasions the spectra of some stars of Group III were compared with 
the spectrum of the Moon ; in the absence of the Moon, compsn- 
son was made with Arcturus or Capella. A comparison of the 
Group III line with the Mn line at 540 referrod to in previous pa^rs 
shows a perfect coincidence with the dispersion employed ; and since 
both are doable we are driven to the conclusion that the 540 lino 
in stars of Ghoup III is due to manganese. Again, the double iu 
Group V is considerably weaker tbon E, whereas that in Group III 
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is very nearly as strong as E. The appearaaoe presented to the eye 
by the real trio in stars of Group III is accordingly very different 
from that presented by the three lines in stars of Group Y. 

Besides the least refrangible member of the trio there are other 
lines which are special to Group III. One of these lies between F 
and h, at wave-length 499, as nearly as can be determined with small 
dispersion. In some of the stai's this line is very strong. It is only 
seen as a very faint line in Capella, Arcturns, or the Sun, and is con* 
seqnently an important criterion. The nearest line of anything like 
equal importance in Group V stars in the iron lino at 4957. 

Two lines, at 579 and 568 respectively, also appear to he special to 
Group in. No lines of similar intensities are seen in either Gapolla, 
Arcturus, or the Sun in those positions, although fainter lines are 
seen. 

In Rowland's photographic map of the solar spectrum there is a 
line at 5659 which is much stronger than the one nearest to 568, and 
this is not seen at all in Group III stars. Only a very faint line is 
indicated in the same map at 5791, there being a stronger line at 
5763 wbiob is not seen in Group Til stars. The two lines at 568 and 
679 are, therefore, special to Group III, The line at 679 was com- 
pared directly with the low tempemtnre iron lino at 579, and the 
coincidence established with the dispersion employed; this may, 
therefore, be taken as due to iron. It may alBO.be suggested that the 
line at 568 is the double green line of sodium, which appears bright 
in some of the bodies of Group I. Other lines referred to in the 
observations are near 546 and 558, but it is not easy to distinguish 
these from lines seen in stars of Group Y. There are several strong 
lines seen in the solar spectrum in the neighbourhood of 546, and 
there ere also strong lines at 5573 and 5587. In order to determine 
whether these lines will serve as criteria or not, further inquiry with 
greater dispersion will be necessary. 

The magnesium line 5527 appears to be common to both Groups 
III and Y, just as b is common to both. 

There seems to be no doubt, therefore, that criteria between Groups 
III and Y have been determined by the observations, and we are now 
in a position to assign the stars of YogeVs Clsss lla to one group or 
the other according as the lines which have been shown to be special 
to Group III are present or absent. 

One of the chief objects I have had in view in writing this paper ie 
to enable others to take up this important piece of work as soon as 
possible when once the idea uf inci*eaBing and decreasing temperatures 
is generally accepted. 
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VII. TesU. 

We have an important test of the accuracy of the preceding obserra* 
tions in tracing the conlinaitj of the liueH in passing fiom the earlier 
to the later species of the group. In the map which accompanies this 
paper, the stars have been arranged in order of temperatures by 
reference to the thickness of F, it being Quirersally agreed that those 
stars in which the hydrogen lines are thickest are the hottest. With 
the stars in this order we ought to find that if a line be visible in any 
two of the stars, it is also visible in any other star of the group in 
which F is of an intermediate thickness. On firat arranging the 
stars in this way, it was found that there were here and there breaks 
in the continuity of the lines, but further observations, made with 
special reference to the breaks, showed that the discontinuity was duo 
to the incompleteneas of the first sets of observations. The only 
break now shown on the map is the appai'eut absence of Mg 5527 in 
X Ophiuchi, and this was not discovered before the star had got too far 
to the west to bo re-observed. 

Wo have another test in tracing the variations in the intensities of 
the various lines in passing thmugh the series. Assuming that a 
sufficient number of stars liave been taken, there ought to be no 
abrupt change in the thickness of a line in passing from star to star. 
The temperature at which a line is at its maximum thickness will 
depend on the volatility of the substance which produces it, so that 
all the lines need not necessarily have their greatest thickiiessoB in the 
same star. The continuity as regards the intensities of the lines is 
quite as perfect os could be expected from a preliminary survey. 
Thus D gradually thins from a Ceti to a Lyrte; h thickens from 
« Ceti to c Fegasi, and then thins gradually to a Lyras. This differ* 
enoo in the behaviour of h and D is obviously duo to the fact that all 
the sodium would be distilled out of the meteorites befora all the 
magnesium was driven out. E (5268), 5327, 540, and 499 gradually 
thicken to p Ophiuchi and then thin out. The line at 579 is almost 
equally thick in (i Ophiuchi, c Pegasi, » Aquarii, and 7 Aquilie. The 
line at 568 has a decided maximum in x Ophiuchi. The lines near 
546 and 558 have their greatest thickness in the earliest stage of the 
group, gradually thinning out towards the last. The remnant of the 
iron fluting (615) is seen to gradually disappear between m Ceti and 
m Tauri; no trace of this fluting was seen with the dispersion em** 
ployed in any of the stars of a higher temperature than m Tauri. As 
the fluting disappears it is replaced by iron lines of gradually inoreos.. 
ing intensities. The hydrogen line at O was not seen in any of the 
stars below a Gygni, but it does not follow that it was absent, because 
the lower stars being generally fainter, the attention of the observers 
was not directed so far into the blue. 
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It will be teen, then, that the oontinuity is practioallj perfect, both 
as regards the intensities of the lines and the presence in each star of 
the lines necessary for perfect continuity. 

VIII. b^equence of Spectra in Group III, 

The general seqnence of speotra in passing from the earlier to the 
later species of Group III is as follows, os far as the observations have 
at present gone ; — 

(1.) The hydrogen lines are thin. D is thicker than b. The iron 
fluting is foint. 490, E, 5327, 540, 568, and 579 are thin. 546 and 
558 are fairly thick. 

(2.) The hydrogen linos are thicker. F, D, and 5 are equally thick. 
E, 5327, 540, 579, and 499 are much thicker, being nearly as strong 
as F. The iron fluting has gone. 

(3.) The hydrogen lines are very much thicker than Uio other lines. 
D and b are equally thick. E is nearly as strong as b, while the other 
lines are fainter. 

(4.) The hydro^n lines arc very broad, while all the remaining 
lines are exceedingly faint. 

Subsequent work will no doubt enable ns to further divide these 
sub-groups into finer species. 


II. ^‘Ori the Magnetic Action of Displacement- ciirreuts in a 
Dielectric.” liy Silvanus P, Thompson, D.Sc., B.A, Com- 
municated by Professor G. Caiiey Foster, F.B.S. Received 
Februarj" 19, 1889. 

(Abstract.) 

According to Maxwell's well-known views of electrostatic action, 
the variations of electric displacement which occur during the charge 
or discharge of a dielectric are to be regarded as equivalent to electric 
currants. No direct experimental proof of this prnnt has hitheito 
been forthcoming. The author having calculated out on the assump- 
tion of the equivalence between displacement-currents and conduction- 
currents, what the effect would be of the charge or dischatge of a 
condenser upon a delicately astatised needle placed near the ^ge of 
the oondeuser, concludes that the effects would be too delicate to he 
meanurable. He therefore resorted to a different method based upon 
the principle that, if a closed curve be drawn around the flux of 
electrostatic displacement, the line-integral of the magnetising force, 
reckoned once round this closed curve, will at any instant be a 
xneasnre of the rate of change in the electric displacement through 
the curve. Two forms of apparatus for raalising this in an expert- 
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menial 'mj were oonstraoted. In the more satiefaetorj form of the 
apparatus an iron annulus surrounded by a coil of due silk-oorered 
copper wire is embedded in a layer of paraffin wax between two gloss 
plates, and pieces of tinfoil are affixed on the outHido surfacos of the 
plates to serve as the coatings of a condenser. The electric displace* 
mont passes tlirongh the aperture of the iron annulus. Any ciiangos 
in that displacement set up magnetic forces acting round the iron 
annulus, which, thereby, is subjected to a varying magnetisation. The 
annulus in turn sets up induction currents in the copper wire that 
surrounds it, these induction currtmts being received and rendered 
audible in an ordinniy telephone receiver. The condenser is connected 
to a Rulimkorff coil which rapidly charges and discharges it. The 
sounds heard in the telephone receiver establish the reality of the 
magncfic action of the variations in the electric displacement. 

Tlie author points out that this device, which may be regarded as 
a new kind of proof plane for exploring varying olectrostatio fields, is 
probably capable of other nsefal applications, such as the investiga- 
tion of specific inductive capacities. 
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Committees on Classification and Nomenclature. Second 
Edition. 8vo. Cambridge 1888. Mr. W. Toploy, F.R.S. 

London; — Meteorological Office. Report of the Meteorological 
Council to the Royal Society for the Year ending Slst March, 
1888. 870. London, The Office. 

Madras ; — Observatory. Meridian Circle Observations. 1865, 1866, 
and 1867. 4to. Madras 1888. The Observatory. 

Melbonrne : — Department of Minos and Water Supply, Victoria. 
Mineral Statistics of Victoria, 1887. Polio. Melbourne [1888]. 

The Department. 

Observatory. Monthly Record. June to July, 1888. 8vo. 
Melbourne. The Observatory, 

Mexico: — Observatorio Metconilogioo-Magn^tico Central. Boletin 
Mensual. Tomo I. N6m 5 (Supplemento), 6-10. 4to, [Mexico'] 
1888. Tho Obsei'vatory. 

Moscow Observatoire. Annales. StV. 2. Vol. I. Livr, 2. 4to. 

Moecou 1888. Tho Observatory. 

Now Haven ; — Yale Observatory. Reports. 1886-87, 1887-88. 8vo. 

[New Haven.] The Observatory. 

Oxford : — Radcliffe Libraiy. Catalogue of Books added during 
1887. 4to. Oxford 1888. The Library. 
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Professor Listing. Sir 0. B. Airy, P.R*S. 
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**An Investigation of a Case of Gradual Chemical Change: 
the Interaction of Hydrogen Chloride and Chlorate in 
, presence of Potassium lo^do.” By W. H. Pendlbbuey, 
B.A., late Scholar of Christ Cliurch, Oxford, Assistant 
Master of Dover College, and Makgaret Seward, late 
Tutor of Somerville Hall, Oxford, Science Lecturer of 
Holloway College. Communicated by A. Vernon Har-’ 
COURT, F.R,S. Received November 27, — ^Read December 
13, 1888. 

The work which wo now have the honour of laying before the 
Royal Society was undertaken at the Buggestion of Mr. A. Vomon 
Harcourt. To him we owe more than wo can expresB, and we desire 
hero to thank him moat heartily for his most valuablo aid and co- 
operation, by which many rough places in the investigation have 
been made smooth. We also thank the Royal Society for a grant in 
aid of the research, and the Governing Body of Clirist Church for 
the use of materials and apparatus. 

Whon substances which act upon each other are brought together 
under suitable conditions, a change takes place which oonsisis in the 
disappearance of the original substances and the production in their 
place of an equal weight of other substatioes. The change proceeds 
till the whole of that reacting substance which was present in the 
smallest relative quantity has disappeared. This process may take a 
long time, as in tho case which forms the subject of the present 
investigation, or tho limit may bo reached so rapidly that the change 
seems instantaneous. This di{rei*enco, however, is one of degree and 
not of kind. In tho pi'esont case tho masses of the substanocs mixed 
together wore so large relatively to the masses undergoing change 
during tho time over which the observations extended, that the masses 
of reacting substancos were practically constant. Thus it happens 
that each sot of observations was of a ebauge proceeding with 
constant velocity. In the second reaction studied by Messrs. Harcourt 
and Esson — 

H 30 a+ 2 HI = 2HB0+l2, 

tho amount of change occurring during each interval of time in 
which it was estimated was a considerable fraction of the total 
amount of potential change, as limited by the amount of hydrogen 
dioxide taken. In this case, therefore, the observed intervals of time 
lengthened, being the time required for the performance of the same 
amount of chemical work with a continually diminishing amount of 
active substance. 
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Tfae moasuremetit of these intervals of time (whether constant 
or increasing) during which the same amount of chemical decom- 
position takes place, can be effected by taking advantage of a com- 
paratively instantaneous change which may bo made to go on in the 
same liquid, and one which is very familiar. 

When iodine is pi^duced in a liquid by the action of hydrogen 
dioxide, or some other oxidising agent, on hydrogen iodide, the action 
is a gradual ono, but tho introduction of a drop of a concentrated 
solution of sodium thiosulphate at once converts the iodine into 
sodium iodide, and every molecule of iodine produced in tho liquid 
after the introduction of tho drop will be instantly thus converted 
until tho thiosulphate pi-esont is exhausted. If a small quantity of 
starch is presont iu tho solution, tho moment at which the last trace 
of thiosulphate disappears will be signalised by the appearance of iv 
blue colour in the liquid, the effect of tho free iodine upon the starch. 
Thus, then, by the introduction of constant measured quantities of 
sodium thiosulphato, the rate of progress of the action between 
potassium or hydrogen iodide and some oxidising substance may be 
readily measured. This is tho principle and method of division into 
intervals in Messrs. Harcourt and Esson’s classical research, and we 
have adopted it for the investigation of a similar case of chemical 
change. 

The reaction chosen for investigation in the present case was one 
which liberated iodine indirectly. When solutions of ))otasBinm 
chlorate and hydrogen chloride are mixed together, tho mixture soon 
acquires a chlorous smell, and at once liberates iodine from potasaium 
iodide, and as time goes on continues to liberate more. The exact 
nature of the primary reaction, producing tho oxidising agent, has 
not been ascertained, nor whether the product is chlorine, some oxide 
of chlorine, or a mixture of both. Various reactions arc possible. 
The one fact which is certain seems to be that in presence of an 
iodide each molecule of chlorate salt is reduced to the corresponding 
chloride entirely and without intermediate stages, and tho equivalent 
in iodine of all throe atoms of oxygen sot free. If it were the case 
that the decomposition of tho chlorate molecule took place in stages 
there would be observed a considerable variation iu the intervals 
depending on tho amount of intermediate products present, whioh 
was not the case. 

A mixture of hydrogen chlorate and hydrogen chloride, both 
dilute, I'eacts exactly in the same way as tho mixture above, slowly 
producing oxidising material which liberates iodine from potassiam 
iodide. It is probably a reaction common to most soluble ohlorates. 
Part of tho investigation has been concerned with such mixtures of 
the two acids without any metalHo salt. Those have advantages, as 
the reaction is not oomplioated by the presence of such salts. But 

2 D 2 
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potaBBinm ohiorato was more often empl<^ed| being easily obtained 
and kept in a state of purity. 

Bansen gives the following hypothetical equations for a reaction 
between hydrogen chloride and any chlorate (the equations are given 
with hydrogen chlorate, for simplicity). But in these the number of 
molecules of chlorate reacting is arbitrarily limited to two. Without 
this limitfttioi], it is obvious that tbo list of possible reactions may bo 
indefinitely extended. 

BeUtive proportion. 


1:1 2UCIO3+ 2HCl=:CIaO + 01A+H3O. 

1:2 2HCIO3+ 4 HC 1 = 30130 +3H3O. 

1:3 2HCIO3+ 6HCI = 2Cl30+2Cl3+4H30, 

1:4 2HCIO3+ 8HCl = Cl20+4Cl3+5H30. 

1:5 2 HC 10 a+ 10 HCl = 6 Cl 3 -l- 6 H 30 . 


In our experiments the quantity of reaoting substances was always 
such that, except for change in sodium thiosulphate, the composition 
ol the mixture was sensibly the same at the end of the experiment 
as at the beginning. Each experiment was not carried to any definite 
limit, but was concluded as soon as the constant velocity of change in 
the mixture had been ascertained by the obBervatioii of several 
intervals corresponding to successive additions of thiosulphate. 

The following considerations show the constancy of the composition 
of the mixture throughout an experiment. Each di'op of thio- 
sulphate corresponded, on an average, to the deoomposition of three- 
miUionths oC a gram of potassium chloiate in each cubic centimetre 
of the mixture. Now, the smallest amount of potassium chlorate 
ever used was 0'01263 gram in each cubic centimetre, and of this 
only 0*000003 gram would have disappeared when as many aa 
10 drops of sodium thiosulphate had been added. This is an 
alteration of about 0*02 per cent. Or, to state it otherwise, in the 
ease of one of the greatest velocities observed, when each interval 
was hardly greater than a minute, there was 0*03788 gram potassium 
chlorate in each cubic centimetre, and this was disappearing at the 
rate of l* 826 -millioiiths of a gram per minute. Speaking roughly, 
it would take about 24 hours, proceeding at this rate, to cause a 
difference of 1 per cent, in the amount of salt present. 

Messrs. Uarcourt and Esson represented the variation of the 
intervals they observed with the mass present, y, as a logarithmic 
curve with asymptote meeting it when y = 00. The constant 
intervala obtained in the present investigation would be represented 
in a portion of the curve produced to a great distance in the direction 
of the asymptote, this portion being sensibly a strai^t line parallel 
to the asymptote, so that the time observed for eaoh interval is 
constant. 
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In our otding^ry mode of working the reaction bjbwcen chlorate 
and chloride oocurrod in presence of iodide. In or^ler to examine 
the reaction when only chlorate and chloride were present and the 
products of thoir reaction were not at once reduced, and thus 
removed, the following experiments wore made. Through a vessel 
containing a mixture of hydrogen chloride and potassium chlorate, 
kept at a constant temperature of 30^, a certain volume of air could 
be drawn at a fixed rate. The air, thus charged with a part of what- 
ever gas was liberated in the mixture, was drawn tlm)ugh a series of 
washing-tubes containing potassium iodide. The liberated iodine 
was determined at the end of equal intervals of time. It was found 
that comparatively little oxidising gas was evolved. At the end of 
20 hours the amount of gag dissolved in the mixture, capable of 
liberating iodine, was determined, and this quantity also was found 
to be very small. The remarkable diminution in the rate of forma- 
tion of oxidising substance when no iodide was present will bo 
evident when it is stated that whereas, in the presence of iodide, the 
change proceeded at such a rate that in 20 hours the amount of 
iodine set free would have corresponded to 6700 c.c. of the standard 
thiosulphate, the oxidising material formed iu absence of an iodide 
only set free iodine corresponding to 100 c.o. thiosulphate. 

The action was also found to be reversible in sunlight. Some of 
the mixture of potassium chlorate and hydrogen chloride, which had 
acquired a deep yellow colour, was exposed for a short time to bright 
sunlight; the solution became colourless, and was found to libemte 
no iodine. In our experiments, in presence of an iodide, we found 
sunlight to have no effect upon the rate of change. 

It would thus appear that when the oxidising substance is produced 
in presence of an iodide it does its oxidising work at once and is re* 
moved, and the change proceeds uniformly. In the absence of an 
iodide, however, the oxidising substance acoumulates in the liquhl, 
and its further production is impeded probably by the occurrence of a 
reverse action. 

Though the potassium iodide appears thus to be a necessaiy ingre* 
dient of the mixture if the change is to proceed at a uniform rate, it 
does not take part in the primary I'oaotion ; for otherwise variation iu 
the amount of potassium iodide in the mixture, other things being 
unaltered, would produce very marked differences in the rate. That 
this is not the case was proved by an experiment, the results of which 
are shown in the following table ; — 
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Table A. 


n. 

B. 

n. 

B. 

n. 

B. 

1 

61*80 

6 

66*18 

9 

65 *98 

2 

68*20 

6 

65 *93 

10 

65*03 

3 

64*42 

7 

66*10 

11 

66*10 

4 

65*50 

8 

06*40 

12 

00*73 


In this table are given the rates, representing the number of 
handred millionths of a gram of potasainm chlorate decomposed 
per minute in each cubic centimetre of the liquid. The mixture con- 
tained in each cubic centimetre 

r 0*03789 gram potassium chlorate. 

1 0*02496 gram hydrogen chloride. 

The potassium iodide present during successive intensities was 
nX 0*000001978 gram, and n varied from 1 to 12. 

It will be noticed that there is at first a slight acceleration with 
increase of potassium iodide, hut very far from proportional to the 
inoiease, as would be the case if the reaction depended primarily on 
the amount of iodide present. After n = 5 the further multiplication 
of the small quantity produced little if any change in the rate. Per- 
haps the minute amount of iodide present during the first few obser- 
vatioiiB was insufficient for the immediate amount of the chlorine and 
oUorous oxides formed, 

In fact the above numbers, besides showing that the liberation of 
iodine is a separate reaction, not the primary one, seem also to indi- 
cate that though with the quantity of potassium iodide usually taken 
this secondary reaction is instantaneoufl compared with the primary 
one, if the quantity is much decreased the foimer does take up a 
time which is comparable with that of the latter, and so may produce 
an appreciable retardation. 

We shall return to the consideration of variation of potassium 
iodide later on, but have pointed this out to emphasise further the 
observation already made, that time must be a factor in all changes, 
but in very few does the connexion come within our powers of obser- 
vation, so that other changes compared with these few are called 
instantaneous. 

The amount of potassium iodide generally used in our experiments 
corresponds to n s 60 in this series. In other sets of olmrvatiotis 
some of which are rocorded in Tables XI, Xll, andXIII, p. 417—419, 
the effect of adding larger amounts of potassium iodide was tried. The 
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effect ie to prodnoe a slight addition to the rate, proportional to the 
amount of iodide added. A similar resalt has been obtained with 
potassium chloride, and in view of these results we conclude that 
potassium iodide acts only as an indifferent salt, and does not imme- 
diately promote the redaction of the potassium chlorate, but only 
serves to prevent the accumulation in the liquid of chlorine or chlo- 
rine oxides precisely as the presence of thiosulphate serves to prevent 
the acoamnlatioD of iodine. 


Fto. 1. 


The apparatus employed in all our experiments was the same as 
that used by Messrs. Haroourt and Esson, and consisted of a cylinder 
of white glass 310 mm. high and 64 mm. in diameter ; at a distance 
of 213 mm. from the base a fine line was etched round the cylinder 
marking a volume of 792 c.o. The cylinder was closed with an india* 
rubber stopper perforated with three openings, through which passed 
a thermometer and an inverted funnel tube. The third hole was 
ordinarily closed with a cork, and served to give access to the con- 
tents of the cylinder. The inverted funnel tube was connected with 
an ^paratus for the generation of oarbon dioxide. 

The method of proceeding was as follows Into the cylinder pre- 
viously filled with carbon dioxide was brought the weighed quantity 
iA potassium chlorate to be employed, with sufficient water to dissolve 
it. To this was added a measured volume of hydrogen chloride of 
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known strength^ together with 10 o.o. of potaesinin iodide solution 
containing 0*1 gram of the salt and 10 o.o. of clear starch Bolution* 
mixture being rapidly made after each addition by the passage 
of large bubbles of carbon dioxide from the inverted funnel. 
These bubbles of gas, with n diameter equal to half that of the 
cylinder, served to stir the liquid and also to exclude the air. A 
few drops of a dilute solution of thiosulphate wore added to keep 
down the blue colour till all was prepared for observation. There 
was a line scratched on the funnel stem, and this mark and one of the 
graduations of the thermometer wore made to coincide with the plane 
of the line round the cylinder. The temperatui^ of the liquid was 
brought up to the required point, then the cylinder was placed on a 
levelling stand, and water was added till the lower surface of the 
meniscus just coincided with the plane of the marked line. Meax^^ 
while a number of small measures of a concentrated solution of sodiuxh 
thiosulphate had been prepared. These measures must be equal or 
liave a known ratio to each other; they must also be of small volume, 
in order that their addition may not materially affect the dilution of 
the liquid. These moasaros were obtained in the following way r— A 
series of tubes about 8 inches long, having a lateral orifice about 
inohes from the end, such as would bo made for the purpose of 
joining on another tube at right angles, were mounted on a carriage, 
each tube having a separate rest, and all the orifioes being in one line. 
By the tarn of a screw oonneoted with a rack and pinion these tubes 
could be brought exactly under a siphon delivering drops of thio^ 
sulphate. Tlie siphon and its leservoirs stood on a bracket attached 
to a pillar of solid masonry to prevent vibration. The whole was eiu 
closed in a glass case like that of a balance, the front of which was 
shut down during the time of collection of the drops. The time 
of formation of a drop was generally about half a minute. The width 
of the reservoir containing the thiosulpiiato is so great in com- 
parison with the quantity of solution taken for any one set of experi- 
ments that the available length of the siphon and the rate of flow, 
upon whose constancy that of the drops depends, varies in no appre- 
ciable degree. At the end of each experiment the value of the 
drops employed was determined by means of a standard iodine 
solution. 

When the observations were to be made the cylinder was placed 
on a sheet of white paper in a good light, opposite a clook beating 
seconds. The paper lay ou an iron plate, whioh could be heated at 
onoe, and by a lamp if necessary, and thus the cylinder could be 
kept at any desired temperature by moving it nearer to or farther 
firom the hmted end of the plate. When once the most convenient 
spot has been selected, a mere touch with the hand was all that was 
required to maintain the temperature constant. 
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The oheervations were mede by looking down on the column of 
flnid and wafcohing the appearance of the disk forming its upper sur- 
face. As soon as the change is complete a blue shade shoots 
rapidly across the brightly illuminated disk, and there is no difficulty 
in ascertaining the exact second of the change; the observer listens 
to the beat of the clock and counts the seconds whilst watching the 
disk. As soon as the blue colour has appeared, the minute and 
second are noted, and a drop of thiosnlphato is brought into the 
cylinder. The end of the tube charged with a drop is plunged 
into the liquid through the opening for that purpose, and moved up 
and down, active stirring being carried on by means of the bubbles of 
carbon dioxide. The intervals date from one appearance of the colour 
to the next reappearance, and as the rate is not affected by the presence 
of a small amount of iodine or a small diminution in the amount of 
iodide, it is clear that the fact of thp addition and admixture of the 
thiosulphate not following immediately upon the appearance of the 
blue colour, does not disturb the uniformity of the rate of change. 

The potassium chlorate employed in our experiments was purified 
by recrystallisation. 

The hydrogen chlorate was prepared by the cautious addition of 
fiulpbnric acid to a solution of pure barium chlorate until no milki- 
nesB was produced either by further additions of hydrogen sulphate 
or barium chlorate. Tlie barium sulphate precipitate was then filtered 
off., The solution of hydix»g^n chlorate thus obtained contained no 
chloride. 

The potassium iodide solution was prepared by dissolving 80 grams 
of recrystal Used and fused potassium iodide in 8 litres of water. 

The starch solution employed was prepared by adding a magma ot 
starch and water, containing about 5 grams of starch to about 300 c.c. 
of boiling water, and allowing the whole to boil briskly for a few 
minutes. When cool, the liquid was transferred to a cylinder and 
covered over. On standing, the upper part of the liquid becjomo poi*- 
fectly clear; of this 10 o.o. were takeu by means of a pipette. 

The hydrogen chloride solution was prepared by diluting pure 
acid till 100 c.c. contained 18*823 grams of hydrogen chloride. 

It may bo of interest here to give the details of an actual experi- 
ment. 

Taken — 30 grams of potassium chlorate, 200 o.c. hydrochloric acid 
(containing 18*823 grams hydrogen chloride in 100 c.c.), 10 c.c, of 
a clear starch solution, and 10 o.c. of a solution of potaasium 
iodide (containing 0*01 gram potassium iodide per o.o.). A few drops 
of a dilute solution of thiosulphate were added to discharge the 
oolouT due to the iodine liberated before it was possible to com- 
mence observations. 

' The temperature throughout was 20*^^ 
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As soon as all was ready tHe time of the first reappearance of 
the bine colour was noted, then a drop of thiosulphate was intro- 
dnoed as described, and the next appearance of colour was noted. 


Table B. 


Time. 

Ini 

Mins. sees. 

bemil. 

Mins, and decimals 
of a min. 

I 88 24 

1 40 2 

I 41 41 

1 43 20 

I 44 69 

I 46 37 

I 48 15 

1 49 64 

e 

H 


The value of each of the thiosulphate drops in standard iodine 
solution was then determined. 

The equivalent of one drop is 6*05 c.c. of this solution, containing 
0*00248 gram iodine per o.o. Now 1 millionth-gram-molecule of 
potassium chlorate liberates 7*62 millionth-grams in weight of 
iodine. 

Therefore the number of millionth-gram-molecules of potassium 
chlorate decomposed in each cubio centimetre of the mixture per 
minute is 


6*05x0*00248 

762x792x1*64 


0*01512 mgm. 


The quantities taken of the reacting substanoes represented 

HCl 20 X 65*11 m.g.m. per c.c. 

KOIO 3 .... 30x51*6 „ 


Scheme of the Paper ^ 

In describing the results of our investigations we shall first con- 
sider the action of hydrogen chlorate on hydrogen chloride and 
examine the effect of variation of the former acid on the rate of 
change ; we next consider the effect of variation in hydrogen chloride 
on such a mixtnre. We then consider and examine the effect of in- 
troducing potassium chloride into the mixture of the two acids, and 
from the results thereby obtained we gain oonsiderahle help in onr 





An TntMigaiion i)f a Ccm of gradual Chomioal C^nge^ 405 

farther investigatioD, viz., the action of hydrogen chloride on potas* 
riam chlorate. 

In this reaction we examine the effect on the rate of variation in 
the amonnt of hydrogen chloridci the potagBium chlorate being kept 
constant. We then briefly touch on the resulta obtained by varying 
the potaasitim chlorate. 

We next consider the effect of variation in the amount of potas* 
sium iodide present, used as an indicator of the performance of a 
definite amount of chemical work. 

We lastly discuRs the effect of variation in the temperature at 
which the reaction of hydrogen chloride and hydrogen chlomte takes 
place. 

Fana^ton in Hydrogen Chlorate. 

A series of observations were mode in which the quantity of 
hydrogen chlorate was varied in arithmetical progression, the hydrogen 
chloride being kept constant. When each of the numbers repre- 
senting velocity of decomposition was divided by a number represent- 
ing the amount of hydrogen chlorate present, the series of numbers 
obtained was approximately an arithmetical progression, the differ- 
ence being a small one. So that if u represents the hydrogen 
chlorate, B the rate of decomposition, a formula by which the latter 
may be calculatod from the former is of the form 

B = tt(A+Bi*), 
where A and B are constants. 

The following tables contain examples of the results obtained by 
experiment, and calculation from this formula. 

The rate := the number of times the following reaction in millionth 
of a gram-units takes place in each c.c. per minute. 

6H01+6KI + KCl0a = 

HGl = 16 X 65*11 millionth-gram-molecules in eacli c.c. 

HC108 = iix61-3 

u varies from 2 to 6. 

Table I. 


tf. 

Bate observed. 

Bate ralculrted. 

B - «(O-00073-fO«000S5M.) 

2 

0 ’00246 

0-00246 

a 

0-00484 

0-00444 

4 

0 00606 

0-00602 

6 

0-00996 

0-00990 

6 

0-01820 j 

0*01888 
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Table 11. 

HGl s 20x66*11 m.g.m. 

HGlOji = u X 61*3 m.g.m* 


tt. 

Rato obBorred. 

Bite raloulated. 

B » .(0-00244 + 0-00036.). 

2 

0 -00628 

0-00628 

3 

0-01028 

0-01047 

4 

0-01642 

0-01636 

6 

0-02000 

0-02096 

6 

0-02868 

0-02724 

- 

— ^ 

. .. . 


Table 111. 

HGl = 16x65*11 m.g.m. 
HClOj, = ttx6r3 m.g.m. 


It. 

Rate obierved. 

Bate oaloulated. 

B - .(0-00083 0-00016.). 

3 

0-00803 

0 00393 

4 

0-00678 

0*00588 

6 

0-00800 

0*00815 

6 

0-01074 

0 01074 


The connexion between the velocity of decomposition and the 
amount of the decomposing substances pi^esont is of exactly the same 
nature as that established in a similar way by Messrs. Harcourt and 
Eason, viz., that the velocity vaiies in the first place directly with 
the mass of the substance present, and that in the second place the 
presence of the substance causes a slight acceleration in the rate 
irrespective of its being decomposed. It has already been con- 
clusively shown by their work and that of other experimenters on the 
same linos that the presence in the liquid of any substanoe which, 
as far as is known, has no chemical action upon the essential in* 
gredionts, and may therefore be considered to remain inactive 
during the change nevertheless has its specific effect, aocelerating or 
retarding upon the velocity of the ohsuige. But Haroonrt and Esson 
pointed out that the decomposing substanoe itself likewise, exeroised 
this secondary influence. It does so in this case, and the second 
term in the empirical formula represents this secondary effect. 
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Variation in Hydrogen Chloride, 

Hariog satisfactorily established the relation of the rate of change 
to the amoant of one of the reacting substances, namely, hydrogen 
chlorate, wo naturally sought to find the connexion between the 
rate and the amount of hydrogen chloride — the other reacting sub- 
stance. It might be expected that the effect of variation in the 
hydrogen chloride would result in equations of the same form as 
those given above. Various series of observations wore made to in- 
vestigate this point. The amount of acid was varied in arithmetical 
progression, and the rates obtained were divided by the quantity of 
acid present in each cose to see if anything approacliing an arithme- 
tical progression could be obtained. 

No snob relation appears to exist, as is shown by the following 
example : — 


Table IV, 

HCl = vx65*ll-*3x51‘5 milHonth-gram-molecnles pere.o. 
HClOgs 3x61*5 



Bata obaerved. 

Bate 

Difference (which ought 


0x66*11-8x61 6’ 

to be oonitant)* 

so 

0*00780 

644 

86 

62 

61 

66 

19 

0-00(X)4 

658 

18 

0*00516 

506 

17 

0*00405 

445 

16 

0*00831 

879 

16 

0*00266 

310 

UV 

43 

42 

89 

30 ' 

14 

0*00202 

267 

13 

0*00156 

226 

12 

0*00117 

186 

11 

0*00088 

156 

35 1 

1 

1 

10 

0*00060 

121 


Tlie first four or five numbers in the third column might perliaps 
be brought into an arithmetical progression without any serious 
alteratioD, but taken as a whole, the series of experimental results 
cannot be thus interpreted* It appears then that the effect of hydro- 
chloric acid is not^ like that of chloric acid, of two kinds, viz., (1) a 
primary one due to its being a decomposing substance, and (2) a 
secondary one of the nature above described. Yet it can hardly be 
supposed that it acts merely in a secondary way lis a substance 
present and not decomposed, for its effect is proportionalhLiaaoh 
greater than that of chlorio acid itself. Thus in the abow fierieb 
when the quantity of acid is only a little moro than doubled (v ^ 10 
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and V ss 20) the rate in the second case is about twelve times that 
in the former. 

We have however proved bj trial that chloric acid of itself, mih- 
out hydrochloric acid, when mixed in the cylinder with the other in- 
gredients, will evolve oxidising material. The rate is exceedingly 
slow : — 

HCl =r 0. 

HCIO3 = 0x51*5. Rato = 0*000000604. 

Temp. = 20". 

It is possible that two reactions are going on at the same time, one 
with chloric acid alone, the other substances present having merely 
their specific effect, and also the action between chloric acid and 
hydrochloric acid, both producing oxidising material. 

Now amongst the various attempts made h) find empirically the 
law of connexion between variation of hydrochloric acid and varia- 
tion of rate, one result arrived at was that second differences of the 
rates are appraximaicly constant. Especially is this noticeable for 
smaller quantities of acid. The first differences thus resemble an 
arithmetical progression. The next table consists of the same rates as 
in Table IV, compared with a series of numbers obtained by recalcu- 
lation after substituting for the first diffei’enees of these a true 
arithmetical progression, being the one they most nearly approach. 
Tho constant difference in this rase would bo 0*000()96. Beginning 
from V = 11, we get the following results : — 

Table m. 


Amount 
of KCl. 

V. 

Bute obserrod. 

Bute caloulutod. 

20 

0 -00780 

0 (mno 

10 

0 ‘00604 

0*00384 

18 

0-00610 

0 00489 

17 ! 

0 '00405 

0-0040S 

IB 

0*00331 

0-003*7 

15 

0*00255 

0-00280 

14 1 

0*00202 

0 -00*08 

13 1 

0*00166 

0-00166 

12 

0*00117 

0-00117 

11 

0'00088 

0-00088 

10 

0 00060 

0-00068 


From e ss 10 to V s 17, the empirical numbers correspond fairly 
with the observed rates, but afterward* the latter increase more 
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rapidly. Now if two reaotionfl of the nature ahore desoribed are 
really taking place, it would lead us to conjecture a connexion 
expressed by the following equation : — 

u and c representing as usual the quantities of hydrogen chlorate and 
hydrogen chloride present, the other letters constants. 

This expression is of the form 

when V is the only variable, and a series of such rates foi* which v 
was varied in arithmetical progression would have its second 
differences constant. Possibly the coefficient & is negative, {.e., tlie 
presence of hydrogen chloride interferes with and retards the decom- 
position of hydrogen chlorate by itself. This would explain why, in 
the rates obtained with larger quantities of hydrogen chloride (v = 17 
to i; = 20), the ordinary formula 

R = lcv(\+fi*v) 

more nearly expresses the rosnlts obtained ; the reason of this being 
that in the presence of a largo quantity of this acid the other reaction 
may be altogether stopped. All this, however, is conjectural. A 
second series obtained could not he brought into partial agreement 
with the formula above ; yet other mixtures of potassium chlorate 
and hydrogen chloride gave series of numbers of exactly the same 
character as this first one. These series wo shall give later. The 
variation of the rate with the amount of hydrogen chloride present is 
evidently by no means a simple one. The interpretation of its com- 
plications that we have suggested can scarcely bo considered fully 
established. It would^ however, account for the facts observed. 

Since in the main reaction which we desired to study, viz., that 
between potassium chlorate and hydrogen chloride, there would be 
produced daring the reaction somo amount of potassium chloride 1^ 
the decomposition of the chlorate, we determined the effect of the 
addition of potassium chloride to the mixture of the two acids, 
hydrogen chlorate and chloride. 

We have already referred to the fact that in gradual reactions, such 
as the present, substances which remain in the solution apparently 
unchanged throughout the whole reaction yet exercise their specific 
influence, accelerating or retarding, on the velocity of the change, 
hence it becomes important to ascertain the effect of the potassium 
chloride. When the potassium chlorate and hydrogen chloride are 
mixed together, tlie latter being always in some excess, there is 
doable decomposition, and potassium ohlorido and hydrogen chlorate 
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are formed. If the action is a complete one, all the potaasium 
chlorate will be converted into chloric acid and potaesiam chloride 
formed in corresponding amount. There is a good deal of evidence 
in favonr of the completeness of the decomposition in the oases we 
have investigated. Indeed it is perhaps to be expected a prim that 
when a stronger acid, each as oar hydrochloric, is in great excess, it 
might entirely tnm the weaker acid out of combination. If this be 
the case, it follows that in this reaction also the reacting sabstanoes 
are, as before, chloric and hydrochloric acid, and that potassium 
chloride is present as a “ neutral *' substance. At any rate, however, 
this compound is present to some extent in the mixture. To defcer- 
mine its effect mixtures of hydrogen chlorate and chloride were 
made, and to thorn qaandtieB of potassinm chloride in arithmetical 
progression were added, and the effect tho rate observed. The 
following tables show the results obtained : — 

Table V. 




w. 

R. 

6 X 61*5 miUionth-ffmm-inoh. 

0 

0 00252 

13x05*11 

2 

0*00281 

w X 61*5 „ 

4 

0*00306 


0 

0 '00333 


Differenoe. 


0*00029 

0*00025 

0*00027 


Table VI. 


- 

w. 

R. 

Difference. 

HClOs i- 8 X 61*6 millionth-grun*niolB. 

0 

0-00836 

A flAnoo 

HC1» 16x65*11 „ 

2 

0*00867 

U UU3SJ 

KCl- 19x51*6 „ 

4 

0-00382 

O*U0SS5 


The effect of potassium ohlorido in the mixture is thus on 
accelerating one, and takes place in accordance with the formula 
already mentioned, the rates inoreasing in arithmetical progression 
approximately as the quantity of salt present is similarly increased. 
If Bw is the rate with a quantity w of potassiam chloiide, 

E, s= A(C+«te), 

where A and G are quantities independent of w ; and a is the co- 
efficient of action ; and A x C ^ s= rate without potassiam 
chloride. 
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MoreoYor, the addition of the potassiam chloride appears to have 
no anch disturbing effect as would ronnlt if potassiam chlorate was 
formed to some extent as soon us the potassium chloride was added, 
and a condition of saline equilibrinni between four snbstanoes 
resulted. In the first series In the above table the mixture in its last 
stage corresponded exactly to a mixture of potassium chlorate 
(6 X 51'5 millionth-gram-molecules) and hydrochlorio acid (18 X 05*11) 
supposing that complete doable decomposition had taken place. For 
comparison, therefore, a mixture was mode containing initinlly these 
amoants of potassium chlorate and hydrochloric acid with this 
result; — 

Rate obtained = 0*00837, 

Rate in table 0*00333. 

This resalt might, of course, be taken merely to mean that the same 
state of saline equilibrium had been attained in both cases, but it has 
been alraady pointed out that the effect of progressive additions of 
potassium chloride, giving a result expressible by a formula like the 
above, is to show that it remains an unaltered substance in the 
mixture. 

In the experiment detailed below, the salt was added to a mixture 
made with potassium chlorate and hydrochloric acid, and therefore it 
is presumed that it contained already some potassium chloride, 
obtained by saline decomposition. The results then obtained were of 
the same nature as before 


Table VIL 



10. 

E. 

Dilference. 

KCIO,- 

e 

0*66854 

0*00018 

0*00022 

000021 

HGf» 16x66*11-2x91*6. 

2 

0*00378 

m- wxSrl 

4 

6 

0*00394 

0'00416 


It will be seen that the salt added continues to have its specific 
accelerative effect, and though at the end the whole quantity of 
potassium chloride present was BxS'ld millionth-gram-molecales, 
there is no sign whatever x>f the saline equilibrium being upset. The 
quantity of hydrochloric acid present is about doable this (16 x 63* LI 
-2x516), 

In all tbese experimonts, the highest precision in oddity tlie 
potassinm chloride was not possible, as it was necessaiy'to add tlie 
solid salt to a liquid of standard volume, and a slight variation of the 
conditions of the experisaent beside the one contemplated was thus 
inevitable. 

VOL. XLV. 2 K 
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Ilufc we think there can be no doubt of the troth of the important 
oonelnsiou we make from these experiments, that in all tlio mixtureH 
we have made with potassium chlorate and hydrogen chloride (the 
molecular ratio varying from about 1 ; 2 to 1 : 12) there is complete 
and immediate double decomposition, leaving in the mixture potassium 
chloride, hydrogen chlorate, and excess of hydrogen clilorido; and 
that the reaction pioducing oxidising material takes place between 
the two acids alone. 

For the facts aio briefly these. Gonospondiug to each mixture 
of potassium chlomte and hydrageii chloride, wo may make a 
mixture containing of bydrogon chlorato the nmoant corresponding 
in molocnlar weight to the potassium chlorate, and of hydrogen 
chloride the atnount as befoi'o loss the quantity i-eqnircd to decompose 
the potassium chlorate. Then the luto in this second mixture will bo 
a little slower than that iu the first. If now the amount of potassium 
chloride corresponding molecnlarly to the potassium chlorate be 
taken, divided into a stnall numl>er of equal quantities, and these 
added separately to the second mixture, the rate will increase by an 
equal quantity for each addition (as upon the introduction of any 
neutral salt), until when all has been added the rate is approximately 
the same as that of the first mixture. 

The following b,vo further examples of the correspondence between 
the two sorts of mixtures : — 


Table VIIL 

'HCTIO) 6 X 6l*& uidUwitb’gTam-nkolfNJiiles per e.v. 
HCI * 18 X 6511-6 X 51*5. 

XOl- 6x61-5. 

Sate 0-0106. 

KC!10s«6x6T-5. 

HCi =>* 18x65-11. 

^ Kate « O-Oiai. 

fKClOi- 6x61-6. 

UOl- 15x65 11. 

Kale 0-00654. 




HCIO, 

HCI 

KOi 


6x61-6. 

15x66-11-0x61*6. 

6x61*5. 

Kate >- 0-00565. 


KClOi- 2x51-6. 

HCI -16x66-11. 

Bate - 0-00196. 


HaO,- 2x61-6. 

HCI -15x65-11-2x51*5. 
KOI -2x51-6. ' 

Sate - O-OOIOI. 
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We are now in a poflition to dlscass Uiu I'CHuIta obtained in the 
inveRtigation which Mr. Harcourt oHginuIlj proposed that we should 
mako, viz., the action of hydrogen chloride on potassium chlorate. 

We shall first disouss the results obtained by varying the hydrogen 
chloride, keeping the potassium chlorate fixed. The hydr(»gen 
chloride varied from v = 20 to u = 10. After the double decom« 
position mentioned, the amount of acid present is vX 65*11 ‘-n x *')1'5. 
As u is constant, the acid varies in arithmetical progression. In tlie 
following t*ble u = 3, nnd thus cori'esponda to the chloric acid results 
m Table IV as far as the amounts of acid go, and only differs from 
it in having present a certain quantity of potassium chloride. It is, 
therefore, to be expected that the variation will bo of the same 
nature, and this we find to be tho cose. 


Table IX. 




Koto 


t. 

Bute. 

t'x 66*11-3 K61-G* 

l>iffei«nce 



(l)cc. poinU omitted.) 


20 

0*00870 

7(S4 

93 

96 

71 

19 

0 00725 

671 

18 

0 003H5 

575 

17 

0*0o480 

504 

16 

0 00374 

423 

81 

62 

48 

47 

38 

42 

31 

15 

0-00306 

371 

14 

0*00245 

828 

13 

0 *00191 

276 

12 

0*00140 

238 

11 

0*00110 

106 

10 

0*00081 

1 

162 

. 


. By inspection it will thus be seen that the third column is not an 
avithmetioal progression. If, however, wo treat the senes in the 
other way, wo find the second differences of the rate to be npprozU 
mately constant. I'hen substituting for the first differences tho 
nearest exact arithmetical progression and rc*calculuting the rates, 
we get a series in which the calculated and observed numbers agree 
fairly well between v ss IQ and v = 10, just as in the corresponding 
chloric acid series given in Table IV (5). 
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Table m. 


AnuniDt of bydrogm 
oldoTide. 
r. 

Bate obserred. 

Rate oakulated. 

30 

0 00876 

0 007S1 

10 

0-00725 

o-ooeao 

1» 

0-00685 

0*00537 

17 

0-00180 

0-00452 

la 

0-00874 

0 00875 

15 

0-00805 

0-00806 

U 

0*00246 

0-00245 

13 

0-00101 

' 0-00192 

12 

0-00140 

0-00147 

11 

0-001 10 

0*00110 

10 

0-00081 

0-00061 


The next table contains tbe resnlts obiainod in a serieH when u = 4 
and V varied as before, tbe cnicniated rates are obtained in a way 
similar to the last, as the second differences were again approximately 
oonaiant 


Table X. 



R sie obserrod. 

Rate oalcnlsted. 

20 

o-oms 

0-01151 

19 

0-00969 

0*00977 

18 

o-oosu 

0-00619 

17 

0*00677 

0*00677 

16 

0-00646 

0-00561 

16 

0*00488 

0-00441 

14 

0-00841 

0-00347 

18 

0-00266 

0-00869 

12 

0-00207 

0-00207 

11 

0-00161 

0-00161 

10 

0*00117 

0-00181 


The numbers here again ooinoide fairly well except for the highest 
values of e, and this is consistent with the theory that the decom- 
position of chloric acid by itself is chocked when tbe quantity of 
hydrochloric acid is large, for hero wo hare a larger quantity of 
ohloTSo acid produced than wo had before, and a larger amount of the 
hydroohlorio acid is required before the decomposition of the chloric 
acid alone is checked by the latter. 
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We hare obtained a series in wbicb the amount of potassium chlo- 
rate employed was as high as six units. Here, as with the case of 
the oorresponding quantity of ohlorio acid, no approach to an inter- 
pretation could be attained. 

All these things show that the effect of varying hydrochloric acid 
with chloric acid or with potassium chlorate is the same, though of 
what exact nature that effect is, we have not yet fully determined. 
No doubt the rate obtained for the decomposition of chloric acid 
alone is too slow to account satisfactorily for the nambws not foUow- 
injf a law similar to that for variation in ohlorio acid first established. 

Series of experiments were made in which the amount of potassium 
cUorate used was alone vai*ied, the hydroohlorio acid being constant 
as regards the amount added each time. It will ho seen, however, 
from the potassium ohloride resnlts that we wore not varying the 
potassium ehlorate only in this case, bat really were varying both 
this salt and the acid. For after saline decomposition — 

HGIO3 per cent. te x 51*5. 

HCl =ex6511-ttx61-6. 

The variation of rates in these series, therefore, most follow a very 
complicated law. We have, however, drawn a series of carves, re- 
ptesenting the variation of rate in this part of the investigation (p. 416). 

' The curves are thus drawn : — 

' A series of equidistant base lines (marked by broken lines) are 
taken, one base line corresponding to each quantity of hydrogen 
chloride used, and therefore marked at the extremity with a number 
representing that quantity. 

. Along these base lines are marked off lengths corresponding to the 
quantitieB of potassium chlorate tideen, and then lengths representing 
t]^ iiatea are measured perpendioular to these. The distance between 
tivo Uoe lines represents — 

>00018 (6H01+6EI+K010s = 7K01+3H,0+31s) in milliontlu 

grams. 

; The lower onrves cross the base lines above them, but this does not 
interfere with their comparison with the others. 

^ Tt is worth, observing,^ however, that in nearly all the oases trufd, 
decreased instead of increasing with <», after u s 4 or after tanc 5 ; 
owing of course to the fact that the amount of hydroohlorio* acid, is 
decreasing as u increases. In fact it may be inferred that dRfdu has 
a root between 4 and 6. 

We now turn our attention to the behaviour of another constituent 
of our mixture, vis., potassium iodide. We spoke of the part it 
played in our experiments in the introduction to our paper, but now 

2 E 2 



416 Mr. W. U. Pendlebuiy and Mias M. Seward. 


Fio. S. 


Oturrw repraentiiig the effect on the rate of Tariation of KClOy. Eaob curve 
repretenie • certain quantity of UCl present. 
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we come to consider more particularly its action and the effect of its 
variation on the rate of decomposition. 

Variatione in Foiasevum Iodide, 

It has been already pointed ont that it is essential to the uniformity 
of the rate of change that there should be potassium iodide present, 
for in our preliminary experiments we showed that the reaction was 
stopped if the oxdising material was allowed to accumulate in the 
liquid instead of being removed by its reaction, with potassium iodide. 
At the same time there is no evidence to prove that potassiam iodide 
takes part in the primary reaction. If wo examine a few cases in 
which the amount of iodide was varied we shall soon see what sort 
of influence it exercises. The quantity used in all our experiments 
was as a rule 076 millioniii-gram-molecule per o.o., a very small 
quantity in proportion to the other ingredients. 

In the following table, in the initial experiment the amount used 
was very much smaller, 0*00946 m.g.m., and similar quantities were 
added one by one and their effect upon the rate ascertained. 


Table XI. 



s. 

K. 

HGl- 15x6611. 

1 

0-00600 

KC10a« 0x61*5. 

2 

0*00516 

XI «jrx 0*00946. 

3 

0-00686 


4 

0*00684 


5 

0*00640 


6 

0*00688 


7 

0*00589 


N 

* 0*00643 


9 

0*00538 


10 

0*00538 


11 

0*00640 


12 

0*00544 


The rate in the same mixture in the ordinary experiments when the 
usual quantity (0*76 m.g.m.) of potassium iodide was introduced was 
0-00554. 

It thus appears that when the quantity of the snbsianoe present 
Initially is very small, doubling the amount produces a marked in* 
crease of the rate, but after a certain amount has been added, farther 
small quantities produce no marked result. Such a series then does not 
correspond to the ordinary form of variation with quantify of neutral 
salt, but one would be led to infer that if we call 0*0054 the normal 
rate wo shall only get this rate when the amount of iodide present is 

2 ■ 3 
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^reat enon/irli^ a retardation following any diminution of the iodide 
hojond thin niinitnum necessary, nnd our experiments fully bear this 
out. The reason probably is that there is a tendency for molecules 
of oxidising material to begin to accumulate in the liquid if they do 
not immediately find molecules of |H)tassium iodide to react with. 
In other words, whereas we are aocustomed to consider the second 
reaction between chlorine or oxides of chlorine and potassium 
iodide, to be instantanoons, this is true only when the amount of 
imtassium iodide present is lieyond a certain minimum. In the 
mixture above the minimum is between 0*03784 m.g.m. and 
0'0473 m.g.m. per c.e, an<l after that the rate of decomposition 
remains practically stationary until the amount pi^esent is 0*113f)2 
m.g.m. per c.c. 

The following table shows the effect of variation of iodide by larger 
quantities at a time, begininug with about half the usual qnantity 
0*76 m.g.m. per c.e 


.Table XII. 


HCl « 11 X 06*11. 
KCIOj « (i X 61'6. 
Kl«zx 0*807. 


1 

U U0378 

2 

0*00389 

3 

0*00392 

♦ 

0-00891 

6 

0*00893 

6 

0 -(XMOl 1 

; 7 

0-00408 ! 

8 

0-00408 ; 

’ 8 

0-00107 1 

i 10 

0-00409 1 

> 11 

0 110418 1 


There is a slight increase at the beginning of the series-when’the 
quantity of iodide is doubled ; after this the rate remahis pratitieally 
stationary for several increments. There is, however, a marked in- 
crease betwoeii.ff= 3 and = 11, but not so rapid as at' the begmning 
of the series. The reason for the indistinctness of form is evidently 
the fact that the effect ot variation of the iodide is within the limits of 
experimental error. It was, therefore, deemed advisable t»o vary tiie 
iodide by larger quantities. In the following series single grams t>f 
the Bubstanoe were inttv^duced into the cylinder,' one the Other, 
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Table Xm. 



s. 

R. 

R calculated a« arithmctioal 
progreasion. 

HCl- 16x6611. 

1 

0*00661 

0*00661 

KC10i» 6x515. 

2 

0*00736 

0 00786 

Kl^<x7'6* 

3 

0*00786 

0-00780 


4 

0*00871 

0-00853 


6 

0 00038 

o-oooir 


6 

0-00980 

0-00981 


7 

0-01043 

0-01046 


Hero wo have a series in which the rate incroa>se0 distinctly with 
the amount of iodide, and it is not far from an arithmetical pro-> 
greasion, certainly within the limita of experimental error. The 
establishment of this relation would of conrso show that the raria- 
lion of potassium iodide has the same sort of influence as any neutral 
salt, and one would therefore clasa it with potassium chloride in this 
investigation. On the other hand, it seems evident that the cases are 
not exactly parallel ; double decomposition between this salt and 
hydrogen chloride must go on, with a production of potassiuTn 
chloride and hydrogen iodide. The hydrogen chloride present is 
decreased by a quantity equivalent to the amount of potassium chlo- 
ride produced, and the hydrogen iodide produced will have its 
specific influence different from that of the former acid. At any rate 
one cannot be surprised at not finding the progression quite os well 
marked hero as for potassium chloride. 

We will now turn to the results obtained by varying tho tempera- 
ture at which we made observations. This was done in the manner 
described in the introduction. 

Variation in Temperature, 

The temperature at which most of our experiments were conducted 
was 20° C. We found any variation in temperature had a marked 
effect on the rate. A rise of temperature of 5° practically doubled 
the rate of decomposition, and a fall in temperature of 5° halved the 
rate at any point. In general if the temjieratnre was varied in 
arithmetical progression the rate varied in goomotrical progression. 
The following tables illustrate this fact:— 
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Table XIV. 



i. 

B. 

Bat io. 

I EClO, « 6 X 61 6. 

IS'* 

0*00216 

1*98 

1*06 

1*96 

HCl - 14x66-11. 

20 

0-00427 


25 

0-0083S 


80 

0*01641 

II. KCIO 3 -. 6x51*5. 

4 . 

0*00136 

1*67 

1*66 

1*64 

HCl = 19 X 65*11. 

7 

0*00213 


10 

0*00330 


13 

0*00509 

TIT. KCIO 3 * 0x51*5. 

20 

0*00143 

1*149 

1*134 

1*145 

HCl * 10x65*11. 

1 21 

0*00164 


i 22 

0*00166 


23 

0*00213 


We see from the above tables tliat the ratios vary with tbo differ- 
ences between tho saccessive temperatures. They are, however, quite 
independent of the quantity of each substance present. This is clearly 
shown in the following table, in which tho rates obtained with varied 
quantities of potassium chlorate at 25^ and 30** ai'O compared. It 
will bo seen that tho ratio is constant. A similar result was obtained 
with varied quantities of potassium iodide, the ratios in this case also 
being independent of the amount. 


Table XV. 




Bate at 25°. 

lUto at 30°. 

Batio. 

UCl - 10x66-11. 

a 

0 -00168 

0*00819 

1-974 

KCIO 3 vex 61*6. 

4 

0*00206 

0*00404 



5 

0 *00265 

0*00502 



6 

0*00.301 

0*00684 

i*ai2 


7 

0*00334 

0*00660 

1*957 


It will bo seen that tho rate almost doubles itself for the rise 
of 5^ between 25° and 80° in the above instances. 

A great number of experiments were made in which the tempera- 
ture was varied by successive differences of 3°, or 2**, or 1° ; but the 
numbers observed could not be considered quite satisfactory owing to 
the intrusion of experimental errors, so it was generally found advis- 
able to incroaso the temperatnre 6° at a time, thus making a marked 
differencse in tho rate. We deduce from ibis result the average value 
of the coefficient or ratio for the variation in temperature of I*. 
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The formula embodying these resultR takes the same form as that 
in Messrs. Harcourt and Esson's reaction, in which it may be remem- 
bered the rate of decomposition doubled itHelf for a difference of 10** 
in temperature, whilst in our reaction it is doubled for ovory 5^. 

The formula is thus expressed : — 


R/ = 


where t is temperature, rate at 0^ R< is rate at & is a constant. 
The rough approximation that the rate doubles itself for would 
give At == 0’30io/5 = 0'0602. The value of k is determined fit>m experi- 
ment os — 

lo g R/— log R/--R 


and the mean of a large number of experiments gives it os about 
0*Uf)85. 

h is, however, not absolutely constant, but is found to vary slightly 
with tho tomporatnro {t) for which it is determined. It is larger for 
a low temperature range of and smaller for a difference of 5'' at a 
higher temperature. In fact, speaking roughly, between O'* and 1*5^ 
the rate is a little more than doubled by a rise of 5** ; between 20^ 
and Bd** it is a little less than doubled. Tho following table will show 
tho amount of variation from this ratio ; — 


Table XVI. — ^Values of k between — 


(f aadlS^. 

5^ and Itf*. 

10° and 15°. 

15° and 80^. 

0-0643 

[o-oseoj 

0-0610 

0-0688 

0*0658 


0-0609 

0-0605 

0-0695 

80° and 25°. 

25°aiid8(r’. 

30° and 35°. 

36° and 40°. 

00584 

0-0584 

00r,37 

0-0608 

00676 

0-0580 

0-0580 

0-0586 

00590 

[0-05661 

0-0502 

0-0583 

0-0547 



k is thus seen to vary slightly with the temperatures between which 
it is determined. The same secondary variation was noticed by 
Messrs. Harcourt and Eason in their reaction. On comparing column 4 
with oolnmn 5 it will be seen that their mean valne is almost tUe 
same. At present it is difficult to extricate the secondary variation 
from experimental error, especially as a greater range of impemture 
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rannot be taken. At temperatnroa abore 35** the starnh-iodide colour 
ie very difficult to perceive, as it loeos its distinctive blue tinge and 
Requires a purple colour. At temperatures below 0", though the 
starch colour is then a most beautiful blue, yet the change proneods 
so slowly that it becomes difficult to hit, even withiu a few minutes, 
the point at which the blue colour has definitely appeared. Henco 
the range of temperature is somewhat limited. 

This brings our work to a conclusion. There arc several points 
which still need elnculation ; their interpretation has seemed, so far, 
beyond our powers. We can only add a few facts to the pile now 
rapidly accumulating, out of which should gi*ow a comprehensive 
theory of chemical dynamics. 

The facts established by the investigation may bo thus summa- 
rised : — 

Dilute solutions of hydrogen chlorate and hydrogen chloride when 
mixed together slowly liberate oxidising material, chlorine and 
oxides of chlorine. 

If no substance which can bo oxidised is present, the aecnmula- 
tlon of this oxidising material in the liquid soon stops the reaction. 

In the presence of an iodide fiH^m which iodine can be liberated, 
and afterwards disposed of by means of sodium thiosulphate, the re- 
action proceeds regularly and with a constant velocity — constant 
because the quantity of the substances decomposed bears an infinitely 
small relation to the quantity present. 

Tho actual rate varies with the quantity of hydrogen chlomte, in 
the first place directly as it is tho substance decomposed, and in the 
second place with a small acceleration proportional to tho quantity, 
the substance thus haring a coefficient of acceleration independent of 
its being that undergoing decomposition. Thus 

B = aQ(l + 6Q), 

where R is rate of decomposition, Q quantity. The variation with 
<|aantity of hydrogen chloride is not of so simple a nature. This acid 
would seem to have (1) an effect of the secondary order above men- 
tioned (accelerative) on the decomposition of hydrogen chlorate 
alone; and in addition to this (2) on effect of both primary and 
secondary order as above on the decomposition of hydrogen chlorate 
by hydrogen chloride. 

The addition of potassium chloride to the liquid has a small accele- 
rative effect on the rate proportional to its quantity. 

If a mixture of solution of potassium chlorate and hydrogen 
chloride is made (in molecular proportion between 1 ; 2 and 1 : l2), 
complete double decomposition ensues. Tbe hydrogen chlorate formed 
in presence of the remaining hydrogen chloride liberates oxidising 
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material as above, and the potassinm chloride formed exercises its 
specific effect on this reaction. 

The small quantity of potassium iodide added for the oxidising 
material to work npon is not concerned in the primary reaction. The 
secondary action upon it producing iodine is practically instantaneous, 
unless its quantity is below a certain minimum. Below this there is 
a retardation of the velocity apparent. The effect of increasing the 
amount of this substance beyond the minimum is apparently analo- 
gous to that of a similar increase of any neutral salt. 

The velocity of decomposition is an exponential function of the 
temperature ; as the latter increases in arithmetical progression, the 
former increases in geometrical progression. The velocity is about 
doubled for a rise of 6® 0. in temperature. The ratio in the 
geometrical pwgression is not, however, absolutely constant, but 
varies a little with the actual temperature. Between 0® and 15" the 
velocity is a little more than doubled by a rise of 5“, between 20“ and 
30® a little less than doubled. 
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March 7, 1889. 

Professor O. G. STOKES, D.G.L., President, in the Chair* 

The Presents received were laid on the table, and thanks ordei*ed 
for them. 

In pursuance of the Statutes, the names of the Candidates for 
election into the Society were read from the Chair, os follows : — 


Aitken, John. 

Anderson, William, M.I.C.E. 

Armstronj^, Robert Toung, Lieut- 
CoL, B.E. 

Ballard, Erl ward, M.D. 

Basset, Alfred Barnard, M.A, 

Bosanqnet, Robert Holford Mac- 
dowall, M.A. 

Brown, Horace T., P.C.S. 

Burbury, Samuel Hawkesloy, M.A. 

Buzzard, Thomas, M.D. 

Cameron, Sir Charles Alexander, 
M.D. 

Camel ley. Professor Thomas, 
D.Sc. 

Clark, Latimer, C.E. 

Conroy, Sir John, Bari., M.A, 

Oorheld, William Henry, M.D. 

Cunningham, Professor Daniel 
John, M.D. 

Cunningham, Professor David 
Douglas, M.B. 

Dawson, George Mercer, D.So. 

Dibdin, W. J., F.C.S. 

Dickinson, William Howship, 
M.D. 

Dreschfeld, Professor Julius, 
P.R.C.P. 

Dresser, Henry Elales, F.L.S. 

Baton, Rev. Alfred Edwin, M.A. 

Elgar, Professor Ftanois, LL.D. 


Ewart, Professor J, Gossar, M.D. 
Fleming, George, C.B. 

Fletcher, Lazarus, M.A. 
Frankland« Professor Poroy Fara- 
day, B.So. 

Galloway, William. 

Gilchrist, Percy 0. 

Gordon, James Edward Henry, 

B. A. 

Hammond, James, M.A. 
Harcourt, Leveson Francis 
Vernon, M.A. 

Hemsloy, William Sotting, A.L.S. 
Hinde, George Jennings, Ph.D. 
Howorth, Henry Hoyle. 

Hudson, Charles Thomas, M.A. 
Hughes, Professor Thomas 
McKenny, M.A. 

King, George. 

Lansdell, Bov. Henry, D.D. 
Lydekker, Richard, B.A. 
MacMahon, Percy Alexander, 
Major, B.E. 

Maitland, Major-General Eardley, 

C. B. 

Martin, John Biddnlph, M.A. 
Miall, Professor Louis 0. 

Mond, Ludwig, F.C*S. 

Ord, William Miller, M.D. 
Palmer, Henry Spencer, Major- 
General, B.E. 
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Pedler, Professor Alexander, 
F.O.S, 

Ponlton, Edward B., M.A. 
B^berts, Isaac, F.ll.A.S. 

Ross, James, M.D. 

Sank^j, Matthew Henry P. R., 
Capt., R.E. 

Saunders, Howard, F.L.S. 
Soobohm, Henry, i\L.S. 

Sharp, David, M.B. 

Shaw, WilHam Napier, M.A. 
Smith, Willoughby. 

Sollas, Professor William John- 
son, D.Sc. 

Stebbing, Rev. Thomas Roscoe 
Bede, M.A. 

Stevenson, Thomas, M.D. 


Stewart, J. H. M. Shaw, Major- 
Gen., B.E. 

Sutton, J. Bland, F.R.C.S. 

Thin, George, M.D. 

Thompson, Professor Silvanus 
Phillips, D.Sc. 

Thomson, Professor John Millar, 
F.R.S.E. 

Tidy, Professor Charles Meymott, 
M.B. 

Todd, Charles, M.A. 

Tomlinson, Herbert, B.A. 
Weldon, Walter Frank Raphael, 
M.A. 

Wliitohead, Charles, F.L.S. 

Yeo, Professor Qemld F., M.D. 


The following Papers were read ;• 


I. **Oii the Composition of Water.” By Loud Rayleigh, 
Sec. B.S. Received February 28, 1889. 

Daring the past year 1 have continued the work described in a 
former communication on the ablative densities of hydrogen and 
oxygen,* in the hope of being able to prepare lighter hydrogen than 
was then found possible. To this end various modiftcations have been 
made in the generating apparatus. Hydrogen has been prepared 
from potash in place of acid. In one set of experiments the gas was 
liberated by alnminium. In this case the generator consisted of a 
large closed tube sealed to the remainder of the apparatus ; and the 
aluminium was attached to an 'iron armature so arranged that by 
means of an external electro-magnet it was possible to lower it into 
the potash, or to remove it therefrom. The liberated gas passed 
through tubes containing liquid potash, f corrosive sublimate, finely 
powdered solid potash, and, lastly, a long length of phosphoric anhy- 
dride. But the result was disappointing ; for the hydrogen proved 
to be no lighter than that formerly obtained from sulphuric acid. 

1 have also tried to purify hydrogen yet farther by absorption in 
palladium. In his recent importarit memoir, the Combustion of 
weighed Quantities of Hydi^ogen and the Atomic Weight of Oxygen,” 

* 'Boy. Boo. Froo.,' Februsiy, 1888 (vol. 48, p. 356). 

t Of ooune this tube was superfluous in the present cose, but it was more conve* 
nieiit to retain it, 

t ' Amer. Cltem. Joum.,* vol. 10, No. 4. 


2 » 2 
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Mr.KeiserdeBoribes experime&tBfrom whioli it appears that palladiam 
will not occlude nitrogen — a irerj probable impurity in even the most 
oarelully prepared gas. My palladium was placed in a tube sealed, as 
a lateral attachment, to the middle of that containing the phosphorio 
anhydride ; so that the hydrogen was submitted iu a thorough manner 
tO'this reagent both before and after absorption by the palladium* Any 
imparity that might be rejected by the palladium was washed out 
of the tube by a current of hydrogen before the gas was collected for 
weighing. But as the result of even this treatment I have no impi>ove- 
ment to report, the density of the gas being almost exactly as before. 

Hitherto the observations have related merely to the densities of 
hydrogen end oxygen, giving the ratio It) 884, as formeidy explained. 
To infer the composition of water by weight, this number had to 
he combined with that found by Mr. Scott as representing the ratio 
of volumes. The result was 

i X 15884 25'914. 

1-9965 

Tlic experiments now to bo described are an nttempi at an entirely 
independent determination of the relative weights by actual combus- 
tion of weighed quaniitios of the two gases. It will be remembered 
that in Dumas's investigation the composition of water is inferred 
from the weights of the oxygen and of the water, the hydrogen being 
un weighed. In order to avoid the very unfavourable conditions of 
this method, recent workers have made it a point to weigh the 
hydrogen, whether in the gaseous state as in the experiments of 
Professor Cooke and my own, or occluded in palladium as in Mr. 
Keiser’s practice. So long as the hydrogen is weighed, it is not very 
material whether the second weighing relate to the water or to the 
oxygen. The former is the case in the work of Gooko and Keiser, the 
latter in the preliminary experiments now to he reported. 

Nothing could be simpler in principle than the method adopted. 
Gtlobes of the same size os those employed for the density determina- 
tions are hllod to atmospheric pressure with the two gases, and are 
then carefully weighed. By means of Sprengel pumps the gases are 
exhausted into a mixing chamber, sealed below with mercury, and 
thence by means of a third Sprengel are conducted into a eudio- 
meter, also pealed below with mercury, where they are fired by 
electric s])arks in the usual way. After sufficient quantities of tlie 
gases have lieen withdrawn, the taps of the globes are tamed, the 
leading tubes and mixing chamber ore cleared of all remaining gas, 
and, after a final explosion in the eudiometer, the nature and amount 
of the residual gas are determined. The quantities taken from the 
globes can be found from the weights before and after operations. 
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From the quantity of that gas which proved to be in excess, the cal- 
cnlated weight of the resulae is sabtraoted. This gives the weight of 
the two gases which actually took part in the oombustiou. 

In practice, the operation is more difficult than might be supposed 
from the above description. The efficient capacity of tlio eudiometer 
being necessarily somewhat limited, the gases must be fed in through- 
out in very nearly tho equivalent proportions ; otherwise there would 
soon be such an accumulation of residue that no farther progress 
could be made. For this reason nothing could bo done until the 
intermediate mixing chamber was provided. In starting a com* 
bustion, this vessel, originally full of mercury, was charged with 
equivalent quantities of the two gases. The oxygon was first ulmitted 
until the level of tho mercury had dropped to a certain mark, and 
subsequently the hydrogen down to a second mark, whoso position 
relatively to the first was determined by preliminary measnromonts 
of volume. The mixed gases might then be drawn off into the 
eudiometer until exhausted, after which tho chamber might be re- 
charged as before. But a good deal of time may be saved by 
replenishing tho chamber from the globes simultaneously with the 
exhaustion into tho eudiometer. In order to do this without losing 
the proper proportion, simple mercury manometers wece provided for 
indicating the pressures of tho gases at any time remaining in tho 
globes. But oven with this assistance close attention was necessary 
to obviate an accumulation of residual gas in the eudiometer, such as 
would endanger the sucoess of the experiment, or, at least, entail 
tedious delay. To obtain a reasonable control, two sparking places 
were provided, of which the upper was situate nearly at the top of 
tho eudiometer. This was employed at the close, aud whenever in 
the course of the combustion the residual gas chanced to be much 
reduced in quantity ; but, as a rule, the explosions wore made from 
the lower sparking point. The most convenient state of things was 
attained when the tube contained excess of oxygen down to a point 
somewhat below tho lower sparking wires. Under these oircum- 
st-anoes, each bubble of explosive gas readily found its way to the 
sparks, and there was no tendency to a dangorous accumulation of 
mixed gas before an explosion took place. When the gas in excess 
was hydrogen, the manipulation was more difficult, on account of the 
greater density of the explosive gas retarding its travel to the 
necessary height. * 

In spite of all precautions several attempted determinatioiiB have 
•failed from various causes, snob as fracture of tho eudiometer and 
others which it is not necessary here to particularise, leading to the 
loss of much labour. Five results only can at present bo repoited^ 
and are as follows 
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Uecember 24, 1888 15*93 

January 3, 1889 15*98 

» 21, „ 15*98 

Febmarj 2, „ 15*93 

„ 13, „ 15-92 


Mean. 15*95 


This nntnber represents the atomic ratio of oxygen and hydrogen 
as deduced immediately from the weighings with allowance for the 
nnbamt residue. It is subject to the correction for buoyancy 
rendered necessary by the shrinkage of the external volnme of the 
globes when internally exhausted, as explained in my former comn^- 
nication.* In these experiments, the globe which contained the 
hydrogen was the same (14) as that employed for the density deter- 
minations. The necessary correction is thus four parl» in a thousand, 
reducing the final number for the atomic weight of oxygen to 

15*89, 

somewhat lower than that which I formerly obtained (15*01) by the 
use of Mr. Scott's value of the volume ratio. It may be convenient 
to Tcoall that the corresponding number obtained by Cooke and 
Richards (corrected for shrinkage) is 15*87, while that of Reiser is 
15*95. 

In the present incomplete state of the investigation, I do not wish 
to lay much stress upon the* above number, more especially as tbe 
agreement of the several results is not so good as it should be. 
The principal source of error, of a non-chemical character, is in the 
estimation of the weight of the hydrogen. Although this part of the 
work cannot be conducted under quite sucb favourable conditions as 
in the case of a density determination, the error in the difference of 
the two weighings should not exceed 0*0002 gram. The whole weight 
of the hydrogen nsed is about 0*1 gram ;t so that the error should 
not exceed three in tbe last figure of the final number. It is thus 
scarcely possible to explain the variationa among the five numbers as 
dne merely to errors of the weighings. 

* Tho neoewity of thii oomctioii wm lecognised at «i early stage, and, if I 
remember rightly, was one of the reasons which led me to think that a redetermina- 
tion of tbe deiAity of hydrogen was desirable. In tbe moantinie, howerer, the 
question was discussed by Agamennone (* Atti (Eendioonti) d. K. Aooad. dei Linoei,’ 
1865), and some notice of his work reached me. When writing my paper last year 
I oould not recall the eiroumstanoes $ but sinoe the matter has attracted attention I 
have made inquiry, and take this opportuni^ of pointing out that tbe credit of first 
j^blioaUon is due to Agamennone. 

f It was usual to take for oombustion from two-thirde to thiee-feurtbs of the 
oontents of tbe ^obe. 
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The following are the details of the determination of February 2, 
ohosou at random : — 


Before combustion G14+ H+ 0*2906 = Gn pointer 20-06 

II . Gi 4+ H-h 0*4006 = Gn .... pointer 20*31 

Hydrogen taken = 0*1100—0*00005 = 0*10995 gram. 


Before combustion Gj^+O = aii + 2'237 . . . pointer 20*00 

After G18+O = Gn + 1*367 . . . pointer 19*3 

Oxygen taken = 0*8800 +0*0001 = 0*8801 gram. 


At the close of operations the residue in tho eudiometer was oxygon, 
occupying 7 8 c.o. This was at a total pressure of 29*6— IG'2 = 13*4 
inches of mercnty. Subtracting 0*4 inch for tho pressure of the 
water vapour, we get 13*0 as representing the oxygen pressure. The 
temperature was about 12” G. Thus, taking the weight of a cub. 
cent, of oxygen at 0“ 0. and under a pressure of 76*0 cm. of 
mercury to bo 0*00143 gram, we get as the weight of the residual 
oxygen 


0*00143 


7*8 18*0x2-54 

1 + 12x0*00367 760 


— 0*0046 gram. 


The weight of oxygen burnt was, tberefoi-o, 0*8801— 0*0046 
= 0*8755 gram. 

Filially, for the ratio of atomic weights, 


15-926. 

i Hydrogen 

In several cases the residual gas was subjected to analysis. Thus 
after the determination of February 2, the volume was reduced by 
additions of hydrogen to 1*2 o.b. On introduction of potosh there 
was shrinkage to about 0*9, and, on addition of pyrogallio acid, to 
0*1 or 0*2. These volumes of gas are here measured at a pressure of 
i atmosphere, and are, therefore, to be divided by 3 if we wish to 
estimate the quantities of gas under standard conditions. The final 
residue of (say) 0*05 c.o. should be nitrogen, and, even if originally 
mixed with the hydrogen — the most nnfavoarablo case — would involve 
an error of only ^ result. The 0*1 c.e. of oarbonio 

anhydride, if originally contained in the • hydrogen, would be more 
important ; but this is very improbable. If originally mixed with the 
oxygen, or due to leakage through india-rubber into the oombnstiofn 
apparatus, it would lead to no appreciable error. 

The aggregate imparity of 0*15, here indicated, is tolerably satis- 
factory in comparison with the total quantity of gas dealt with— 
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flOOO C.O. It is possible^ however, that nitrogen might be oxidised, 
and thus not manifest itself nuder the above tests. In another experi- 
ment the water of combustion was examined for aciditj, but vrithout 
definite indications of nitric acid. The slight reddening observed 
appeared to be rather that due to carbonic acid, some of which, it 
must be remembered, would bo dissolved in the water. These and 
other matters demand farther attention. 

The somewhat complicated glass blowing required for the combus- 
tion apparatus has all been done at home by my assistant, Mr. 
Gordon, on whom has also fallen most of the rather tedious work 
connected with the evacaation of glqbes and other apparatus, and with 
the preparation of the gases. 


11. “On the Wave-length of the Principal Line in the Spectnim 
of the Ajirora.’^ By WiLLlAM HugqinSi D.CX., LL.D., 
F.B.S. Received February 19, 1889. 

Notwithstanding the largo number of determinations by different 
observers, since Angstrom iu 1867, of the wave-length of the prin- 
cipal (and frequently the only) line in the spectrum of the Aurora, 
this value has not yet been accepted as definitely fixed with the 
degree of accuracy which is required for a final inquiry into its 
ohemioal origin. The uncertainty within rather wide limits, which 
seems still to obtain, has arisen mainly from the circumstance that in 
nearly all oases the observations have been made with a small direct- 
vision spoctrosoope, and under conditions which do not admit of an 
accurate determination of the value sought for. About half tlie 
number of some twenty-four obseryors agree pretty well, but among 
the results given by the others the differences are very large in 
relation to the aoenraoy which is required, though they are not 
greater, perhaps, than was to be expected from the circumstances 
nnder which the observations were made. 

I think it is very desirable, therefore, that I should put on reooi'd 
some observations of the spectrum of the Aurora which I made in 
the year 1874, but which up to the present time have remained 
unpublished. These observations were made with a powerful spectro- 
scope, and under conditions which enabled me to determine the 
wave-length of the principal line within narrow limits of error. The 
spectroscope was made by Sir Howard Grubb on the automatio 
principle of bis father, Mr. Thomas Grubb. It is furnished with two 

Grubb” compound prisms; each has 5 square inches of base, and 
gives nearly twice the dispersion of a single prism of 60*^, namely, 
about 9'* 6' from A to H. 

The olqeot-glasses of the collimator and telescope are 1*25 inch in 
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diameter. The definition is verj good. Thongh the automatic 
arrangement works well, I always take the pi*ecaation to measure 
only small differences of position of the line to be determined from 
lines near it, the wave-lengths of which are known. 

The observations were made on February 4, 1874. There was a 
brilliant Aurora, showing a whitish light ; a direct-vision spectro- 
scope resolved this light into a brilliant lino in the yellow and a 
faint continuous spectrum. 

The “ Grubb ” spectroscope was directed from the window of the 
observatory upon the brightest part of the Aurora. In tlio fiivt 
instance, an estimation by eye was made of the position of the bright 
line by comparing it in the instrument with the spectrum of a spirit 
lamp. The bright lino was seen to fall on the more refranmble side 
of the line for which Watts gives the wave-length 5582,* Angstrom 
and Thalen 5583, t by from one-fifth to one-fourth of the distance of 
this lino from the beginning of the band. If wo take onc-tourth, we 
have X5569'6; one-fifth gives \ 5572*3. The mean of these values 
gives for the 

Aurora line \ 5570'9 (1). 

The cross- wires of the spectroscope wore then brought upon the 
line, and the reading 3476 showed tlie line to full about midway 
between two strong lines in the spectrum of tin, \ 5564 and X 5587 
respectively, according to my measures. { The position of the cross 
was then compared directly with those lines in the spectrum of an 
induction spark taken between electrodes of tin. The further details 
of this comparison are not given in uiy note-book, but the result 
only, whioh placed the 

Aurora line at X 5571 (2). 

Consnliing my map of the chemical elements, I found that there 
was a Hoe of tellurium very near this place, namely, at X5575, I 
therefore brought the spark from tellurium before the slit, when the 
cross appeared on the more refrangible side of the tellurium line. 
The measure of the distance of the cross from this line came out 
equal to X i>003. The place given in my paper for this line of tellurium 
is 5575. Thal5n gives for the same line 5574* i.§ If wo take the 
mean of tlieso values and deduct 0003, we got for 

The line of the Aurora X 5571*5 (3), 

There are strong lines of iron very near this position in the 
• 'Pha. Mag.; vol. 41, 1871, p. 14. 

t ** Spectres des Mitalloldi)*," * Hov. Act. Soc. Soi. Upnl.,* vol. 9, 1876 (p. 29). 
t Spectra of the diemical Elementt/’ * Phil. Ttani./ 1884, p. 189. 
f < Brit. Awoo. Bep.,’ 1886. p. 292. 
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• 

Bpectram, and I made use of these also for a farther determination of 
th^ place of the Anrora line. The cross, after having been placed 
upon the line of the Aurora, was confronted with these lines in the 
spectrum of iron. 

The condensed account in mj note-book does not give further 
particulars of this ooinparison, but states only that the place of the 

Aurora line came out X 5571*5 (4). 

Summing up these determinations we have — 

(1) Eye-estimation ...... X 5570*9 

(2) From tin 6571*0 

(3) From tellurium 5571*5 

(4) From iron 5571*5 

From these values I think that wo are justified in taking for the 
Aurora line, as a position very near the truth, 

X 5571 ±0*5 (5). 

Among the numerous determinations of other observers, tliose of 
Professor H. C. Vogel in 1872* seem to me to have great weight. A 
direct-vision specti'oacope with a sot of five prisms was used. The 
reduction of the readings of the micrometer into wave-lengths was 
based upon the repeated measures of 100 lines of the solar spectrum. 

The screw had boon thoroughly examined. After each observal^ion 
of the Aurora line, readings were taken of the lines of sodium or of 
hydrogen. The observations oxtondod over four nights. On three 
nights four separate readings were obtained; on the fourth night 
two only. Vogel gives as the mean result of the fourteen obser- 
vations, 

Aurora line X 55713 ± 0*92 (6), 

Perhaps I should state that T find, from a remark in my note-book, 
that at the time of my observations in 1874 I was nqt aware of 
VogeVs results, and 1 could not, therefore, have been biassed in any 
way by them. 

The recent observations on the spectmm of the Aurora by Gyllen- 
skidld, at Cap Thoidsen, in 1882, deserve special mention,t With 
a Hoffmann speotrosoopo, furnished with a scale, he obtained at Cap 
Thordsen in 1882 a mean result of X 5568 ±1*6; later, in 1884, at 
Cpsula, with a Wrede spectroscope furnished with a micrometer 
screw, a mean value for the Aurora line, X 5569 ± 6*2.( Gyllenskifild 

* * Leipzig Math. Phy*. Beriohte,' vol. 22, p. 285. 

t ‘ Obeervatioiu faites au Cap Thordiea, Bpitcbsrg, par t'Kxp6ditio& Sii5doue/ 
toL 2, T -AuTorei Bor5alat, par Oarlheim-QyUe&Bkitfld. Btoekhohoa, 1666. 

t Ibid., p. 166. 
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diBcasses in detail nearlj all the recorded observationB of the spectrum 
of the Aurora from 1867 to 1882, and then brings them together in a 
table, with such probable errors os tlie original statements of the 
observers enabled him to assign to them. 1 think it is desirable to 
give that part of his list which contains tho observations of the 
brightest lino : — 


1867. Angstrom . . . 

. . . Upsal. 

,...X6567+ 1-0 

1868. Struve 

. . PoulkowH .... 

. . . . 5552 + 14-9 

Lemstroiii . . . 

.. Troinsco. 

. .. 6669 + U-0 

1869. Peirce 

. . £!tats Uiii't. . . . 

.... 5565 4-10*8 

1870. Proctor 


. . . 6596 + 2.'> 0 

1871. Smyth 

. . ^dimbourg . . . 

. . . 6579 ± 9-6 

Lindsay 

. . Aberdeen .... 

. . . 6680 ± 50-0 

Barker 

. . New Haven , . 

. . . 6594 4- 13*0 

1872. Vogel 

.. Kiel 

... 6571 ± 0-9 

Denza 

. . Moncalieri. . . . 

... 6568 + 11*9 

Donati 

. . Florence .... 

. . . 6669 ± lO-O 

Oettingeii .... 

.. Dorjiat 

... 5548 ± 30'0 

Hospighi 

. . Borne 

. . . 5574 ± 10-0 

Wijkandev . , , 

. , Spitzberg .... 

. . . 5572 ± 1-0 

1873, Backhouse , . . 

. . Sunderland . . 

.. 0660 ±10 0 

Barker 

. . New Haven • . 

. . . 6569 + 13-9 

Lemstrdin .... 

. . Enaro 

. . , 5569 ± 0-5 

1874. Backhouse . . , 

. . Sunderland . . 

... 5670 +100 

Maclear 

. . “ Chollongor 

. . . 5522 ± 371 

1879. Nordenskiold . 

. . Pitlokaie 

. . . 6563 + 10 0 

1880. Copeland 

. . Dunecht ..... 

... 5572 ± 2‘0 

1882. Gyllensktold . 

. . Cap Thordsen 

. . . 6568 ± 1-6 

1884. 

. . Upsal 

. . . 6669 ± 6-2 


Gjlleuskidld then calcnlates by the method of least squares the 
mean value of all the determinations, and finds the following 
result : — ♦ 

Mean value of the 23 observations, X 5^70*0 + 0'88 (7). 

The recent measures by C. 0. deport largely from 

Oyllenskiold*8 mean value. KiiifFt found on 


1882, November 2 X 6595 

„ 11 S586 


and measures with the same instrument made by Schroeter on 
November 17th, gave X 6587. 

• /Wd., p. 169 

t ' Beobachtungs^Eigebnbae dor Norwogi^ohen PolmtsUon,' &c. A S. Steen. 
Ghrutiania, 1888. 
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Now, though AngBtrdm’s original value X 5567 may not be quite 
accurate, hie observation fixed a limit towards the red beyond which 
the Aurora line cannot lie. Angstrom says, “sa lumi5re 5tait 
presque monochromatiqne, et consistait d'uTie seule rate brillante 
situee k gauche ” (on the more refrangible side) “ du gronpe oonim 
des raies du calcium.”* The position of the most refrangibio line of 
this calcium-group is accurately known ; according tof 

Kirchhoff X 5580*9 

ThaI6n 5580*9 

Huggins . 5581*0 

It is certain, therefore, from Angstrom's first observation in 1867 
alone, that the Aurora line lies well on the more refrangible side 
of wave-length 5580. This limit towards the red was confirmed 
afterwards by Angstrom himself ; ho says later that the yellow line 
falls almost midway between the second and third line of the shaded 
carbon group.^ The positions of those linos of comparison ai‘e, 
according to Angstrom and Tha15n, X 5538 and X 5583. § 

It follows that Krafft’s values, X 5586, X 5587, and X 5595, must be 
from some cause inaccurate. A possible explanation may bo found 
in the small number of solar lines employed by Krafft for the roduo- 
tion of the measures into wave-lengths. The curve was drawn through 
the six Fraunhofer lines B, C, a, D, E, and 5. Tbei-e was no control 
for the curve between D and E, and a very small deviation of the 
curve from its true position here would be sufficient to account for 
the position of loss refrungibility of from X 0016 to X00SiS4, which his 
measures give for the Aurora line. 

It should be stated that Krafft expresses regret that more attention 
could not be given to the spectroscopic observations. He says;— 
“ Lelder gestatteten die obligatorischen Boobachtungen nicht, den 
spectroscopischen Uutorsuchnngen die gehorige Aufmerksamkeit 

angedeihen zu lassen Ich glaubte ausserdom* diese 

Messuugen um so mehr anslasaen an kfinnen, als der Platz der ge* 
wohnlichen Nordliohtliuie oft nnd sehr gonau hesiimmt ist.” 

To sum up, we have the following values for the principal line of 
the Aurora : — 


(6) 1872, Vogel X 6571*3 ±0*92 

(5) 1874, Huggins 6571*0 ± 0*6 

(7) Gy lleuskiold's mean of 23 observers 

from 1867 to 1884 6570*0 ± 0*88 


* * Spectre Solure,' X7pasl, 1868, p. 42. 
t ' Brit Amoo. 188^ p. 8J2. 

: 'Nature/ tol. 10, p.2U. 

§ ' Acta Upul.,* vol. 9, 1876 (p. 29). 
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These valaes agree closely, and fix withia very narrow limits, the 
position in the speotrnm, where we have to seek the chemical origin 
of tho line. 

Oyllenskiold, from his observations of the changes which ocenr in 
the spectrum of tho Aurora, comes to tho conclusion that : ** lo spectre 
do l*Anroro bor^alo rraulte de la superposition de plusicurs spectres 
diff^renis," and that '* la raio principale forme un do cos spectres 
41ementaires ; ello apparait ir6a souvent seule.” A similar view 
was taken many years ago by Angstrom* and by Vogel.t 

[After consideration, I think that I ought to point out that Mr. 
Lockyer’s recent statement | that: — ^“Tho charaotensiic line of the 
aurora is the remnant of tho brightest manganese fluting at 558,*’ is 
clt^arly inadmissible, considering tho evidence we have of the position 
of this lino. 

In support of this statement Mr. Lockyer says : — “ Angst-rOm gave 
the wave-length of the line as 5567, and since then many observers 
have given tho same wave-length for it, but probably without making 
independent determinations. Piazzi Smyth, however, gives it as 558, 
which agrees exactly with the bright edge of the manganese fluting, 
B. H. Prector also gives the line as a little less refrangible than 
Angstrom's determination. Ho says ; — ‘ My own mooBures give 
me a wave-length veiy slightly greater than those of Winlock and 
Angstrom * (‘Nature,* vol. 8, p. 468).** 

By reference to Gyllcnskiold’s table it will be seen that the probable 
errors of the determinations by Piazzi Smyth and Proctor, 5579 + 9*5 
and 5%*>95 + 25 0 respectively ,§ are too large to entitle these measures 
to special weight. 

Mr. Lockyer says further: — “ Gyllenskiold’s measures with tho 
Wredo spectroscope also give 5580 as the wave-length of the charac- 
texustio line. I feel justified, therefore, in disregarding tho difference 
between the wave-length of the edge of tho manganese fluting and 
the generally accepted wave-length of the aurora line.'* 

Qyllenskidld’s single measure of 5580, on which Mr. Lockyer relics, 
differs widely from the values which Gyllenskidld himself assigns 
to this line, namely, from observations at Cape Thoi*dson in 1882, 
X 5568 + 1*6, and from observations at Upsala in 1884, with the 
Wrede spectroscope, X 5569 ± 6*2. 

Speaking of Krafft’s observations, Mr. Lockyer says :|| — “ The wave- 

• ‘ Nature,’ voL 10, p. 210. 

t * Leipzig, Math. Fliys. Beriohto/ vol. 28, p. 288. 

t ' Boy. Boo. Proc.,’ vol. 45 (1889), p. 234. 

§ OylleneWld’e etatement of Proctor^i value ie bated on ‘Nature,* voL 8, p. 847 
and p. 68. 

II * Boy. 8oo. Froo.,’ vol. 46 (1888), p. 241. 
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longtlu obtained for the aurora line wore 5395, 5586, and 5587. 
UnHke most observations, these plaoe tbo aurora line on the less 
refrangible side of the manganese fluting. Hence, we have an addi- 
tions! reason for neglecting tho difference between the wave-length 
of the brightest edge of the manganese Anting, and the commonly 
accepted wave-length of the aurora line, as given by Angstrom. 
. . . . These observations are the latest which have been pub- 

lished, and were obviously made with a full knowledge of all previous 
work, so that their imporiance must bo strongly insisted upon.*' 

I have already pointed out that KrafFt’s measures were not made 
under circumstances which assured to them a high degree of accuracy ; 
and Krafft's own words, which 1 have quoted, disclaim expressly any 
special attempt on his part to redetermine the position of the principal 
line with a higher degree of accuracy than the observers who preceded 
him. — March 4.] 


III. “ On tho Cranial Nerves of Elasmobrancli Fishes. Prelimi- 
nary Communication.” By J. C. Ewart, M.D., Keg^us 
Professor of Natural History, University of Erlinburgh. 
Communicated by Professor B. Sanderson, F.R.S. Re- 
ceived February 22, 1889. 

[Fublication deferred,] 
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March 14, 1889. 

Professor G. 0. STOKES, D.C.L., President, in the Chair, 

The Presents receiTcd were laid on the table, and thanks ordered 
for them. 

The following Papers were read : — 


I. “ On the Organisation of tlio Fossil Planl^ of the Coal- 
measures; Part XVI.” By W. C. Williamson, LL.D., 
F.TI.S., Professor of Botany in the Owens College, Man- 
chester. Received March 5, 1889. 

(Abstract.) 

In this memoir the author Rrst calls attention to detached observa- 
tions made in bis earlier memoirs relating to the manner in which a 
medullary axis is developed in tho interior of each of the primary 
vascnlar bundles of the Carboniferous Lycopodiaces. He then traces 
tho changes undergone during the development of a small branch- 
bundle in Lepidodendron Ilarccurtii. This is followed hj a descrip- 
tion of a small new species of Lepidodendron, which he 
Ji. muvdwfif and* in which tho peculiar development of the medulla is 
clearly demonstrated. 

In a second new species, named Lepidodendron iidenipediv/m^ a 
peculiar and apparently early form of exogenous sene is shown to 
exist. When describing, in his previous memoir, Part XI (see Plate 
49, Rg. 11)« the stem now designated Lepidodendron fuUginoewnh he 
showed that, in it, we have an example of tho most rudimentary and 
least perfectly developed form of an exogenous zylem yet soon 
amongst these Carboniferous Cryptogams. In this example, but a few 
radiating laminie of vascular tissues make their appearance in the 
innermost cortex. In the L. intermedivmf now descried, though these 
few lamine are represented by a continuous cylindrioal zone of 
tracheids, and though the laminm are arranged in radial order, they 
ore still imbedded in a mass of cellular tissue, much in excess of what 
oonstitutoB the medullary rays in the higher types of Lepidodendrotd 
organisation. 

A fourth new species of Lepidodendron is described under the name 
L. fifpeneeri, in young states of which no medulla is visible ; but in 
its place a number of vertically elongated cells and imperfectly 
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lignified gcalariform tracheids are seen, enclosed within an outer 
aeries of perfectly lignified ones. Here wo have obviously an example 
of the centripetal development of a vascular bundle, reminding os of 
what is the normal mode of growth amongst the bundles of all recent 
Lycopods. 

A fifth now species, Lepidodendron parvulttm, is also described; 
after which the author points out the differences between the mode 
of development of the cellular medulla of these exogenous Cryptogams, 
and that of the representative organ amongst the Dicotyledonous 
Exogens. Amongst the ordinary Exogons the growing tip of a stem 
or branch is a mere aggregation of cells, which mass is soon sepa- 
rated into two zones, in addition to the formation of tlie epiderm, by 
the development within it of a ring of vascular bundles. The cells 
enclosed within this ring become the medolla or pith, and thoso 
external to it constitute the cortex. In this instance the cells about 
to form the medulla exist, prior to their becoming defined as a medulla 
by the first development of the vessels which enclose it, and which 
vessels will ultimately grow into a woody, or sylom,.zone. Sneh a 
pith subsequently undergoes but a very limited enlargement. In most 
cases a time arrives when it grows leas with age, and ultimately 
almost disappears ; but in the Iiepidodendra, though the tip of each 
growing stem was, in the first instance, also a cellular mass, what is 
designated an axial solid handle of vessels was developed in the centre 
of the new growth almost at its veiy commencement. But it was 
only after this growth had made some piogress, and the twig had 
become clothed externally with numerous leaves, that the first traces 
of a medulla began to appear in the centre of the bundle. It is thus 
clear that the medulla of these Carboniferous Lycopods is not geneti<* 
cally homologonB with that of an ordinaiy exogenous flowering plant. 
But the stage of growth of the stem at which this medulla first 
appeared has differed remarkably in various species of L^pidodendron, 
a remark equally applicable to the first formation in them of a true 
exogenous zone. 

The axial vascular mednllary bundle expanded into a hollow 
cylinder under the internal pressure of the growing medulla, 
which latter not only attained to considerable dimonnious, but was 
a persistent organ. This ring enclosing the medulla, supplied 
the vascalar bundles going to leaves and branches. The author 
demonstrates that the branches ate supplied with sneh bandies in two 
ways. When the growing stem divides dicfaotomonsly, which it doeU 
as amongst living Lycopods, the mednllaiy vascular cylinder splits 
*>into two equal halves. But, besides this mode, the author shows that 
frequently comparatively small segments are cut completely out 
of the vascular cylinder, In which a gap is thus left where the barl; 
aad the medulla meet. The angular segment thus detached develops, 

VOL. XLV. 2 Q 
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as it ajscendB through the bark, into a solid cylindrical bundle, in 
which, in time, a medulla forms as before* The author is inclined to 
believe that all these latter forms of bundles only supply short abortive 
lateral branches, which most probably supported Lepidostrobous 
fruits. 


II. “A Method of examining Rato of Oiemical Change iu 
Aqueous Solutions” By G. Gorg, F.R.S. Received 
January 11, 1889. 

(Abstract.) 

This research supplies an outline of a method of examining chemical 
change, based upon the application of tho “voltaic balance” to 
xnoasuriiig the relative amounts of voltaic energy of electrolytes (see 
* Boy. Boo. Proo.,' vol. 44, pp. 294), and the rate of chemical 
change is in<lioatod by alterations in amount of such energy. 

Tho author gives an example of two liquids, vir*., a solutton of 
equivalent praportions of potassic iodide and chlorine, and one of 
chlorido of potassium and iodine, which, although having the same 
ultimate chemical composition, are greatly different (viz., ns 1*0 to 
31*^6) in voltaic energy, and in a moderate degree different in colour. 
The latter of these is a nearly stable liquid, and does not TOadily alter 
in chemical cojnposition at 13° C., whilst the former is extremely un* 
stable, con tinif ally losing voltaic energy, and becoming darker in 
colour at that temperature, until it nearly acquires the chemical com- 
position and properties of the other mixture. 

From the results obtained it is concluded-^ 1st, that the aqueous 
solution of equivalent proportions of potassic iodide and chlorine de- 
composes spontaneously at 12° C., with gradual formation of potassic 
chloride and liberation of iodine ; 2nd, that the change of chemical 
composition is attended by considerable loss of voltaic cneigy; 
3rd, that more than six days are necessary to effect the complete 
chemical change at that temperature; and, 4th, that the rate of 
chemical change is much greater at the commencement of the action 
than towards its termination. Further, that the solution of potassic 
chloride and iodine inoreuses slightly iu energy during the mixing. 

The influence of dilution, time, temperature, light, agitation, and 
mode of mixing upon the chemical change was examined. It was 
found that the degree of dilution of the constituent liquids of tho 
potassic iodide and chlorine solution during tho act of mining largely 
affected the amount of chemical change which ocoumd during mix- 
ture, but with the solution of potassic chloride and iodine the strength 
of the liquids had no such oSeot, The effect of dilution appears to be 
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related to the degree of mobility and diff uBibiUty of the pariidee, and 
is largely modified by the degree of stability of the Tnixtni*e. 

Tomperatnro hod great effect npon the solution of potassic iodide 
and chlorine. Heating the liquid to about ICH)^ C. during tw^o minutos 
was attended by great loss of voltaic energy, considerable increase of 
colour, and about 99*8 ])or cent, of the mixture was changed into 
potassic chloride and free iodine ; the amount of change was as gieat 
as that which took place during 18 days at 12^ C. Similarly heating 
the solution of potassic chloride and iodine had bnt little effort ; it, 
however, slightly increased its voltaic energy and decreased its colour, 
and so far clianged it into the other mixture (H). 

Exposing the solution of potassic iodide and chlorine to diffused 
daylight during IB dull winter days at about 12° C. did not appear to 
greatly alter the rate of chemical cliange, as shown by alterations of 
colour and of voltaic energy. Light somewhat retarded tho action. 

Strong agitation during one minute of tho freshly made solution 
appeared to slightly increase the amount of chemical change which 
occurred during mixtni'e. 

In making this solution the amount of chemical change which took 
place during mixing was about 5 per cent, more if the chlorine solu- 
tion was added to the solution of iodide than if the order of addition 
was reversed. 

The results of the experiments show that the solution of potassic 
iodide and chlorine was very unstable, highly sensitive to rise of tem- 
perature, had a great tendency to lose its voltaic energy, to change its 
chemical composition, and approach that of the other mixture; that 
the solution of the latter was very much more stable, and much less 
sensitive to heat, but had a feeble tendency to absorb energy, to 
change its chemical composition, and approach that of the solution of 
potassic iodide and chlorine. The effect, therefore, of heating both 
liquids was to produce two portions possessing similar chemical com- 
position and properties, but much more nearly resembling tlio chloride 
than the iodide mixture, and consisting of about 0'23 part of potassic 
iodide, 74'49 of potassic chloride, 126*8 of iodine, and 0*0197 of 
chlorine. 

The collective results show that the ** voltaic balance ” method may 
be used to detect changes of chemical composition of aqueous 8ola% 
tioQB, and to measure the rate of such change going on in them. 
Although the method as described does not give the amount of change 
which occurs during the mixing of the liquids, it gives the subsequent 
amounts of change with a reasonable degree of accuracy. Its great 
advantage over the ooloritnotrio method is that it is equally applicable 
to oolonrlesB liquids ; it is much more sensitive and exact than either 
the oolorimetric or the thermochemical method ; and it is quick and 
easy of performanoe. It is at present being used to detect and measure 

2 0 2 
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chemical changea prodaoed by light in aqueous solationa The degree 
of froedom of an aqueous solution of chlorine from hydrochlorio acid 
and of iodine from hydriodio acid was detennined mnoh more readily 
by means of the “ voltaic balance ” method than by ordinary chemical 
analysis. 


III. “ Relative Amounts of Voltaic Energy of dissolved Chemical 
Compounds.” By G. OoBB, F.11.S. Received Jaiuuury 16, 
1869. 

(Abstract.) 

In this investigation the author has moasured, by means of iho 
** voltaic balance,” the amounts of relative voltaic energy or of 
chemical affinity for zinc, of nearly 250 aqaeons solutions of dissolved 
chemical compounds, at ordinary atmospherio temperatures. The sub* 
stances include componnds of elements with elements ; elemonts with 
monobasic, bibasic, imd tribasic acids ; acids of all these classes with 
each other; elements with monobasic, bibasic, tribasic, and tetrabasic 
salts; monobasic, bibasic, and tribasic acids with all these classes of 
salts ; and all these classes of salts with each other in great variety. 
The method employed has been already described (see ‘Boy. Soc. 
Proc.,' vol. 44, pp. 181, 294), and be offers the results thus obtained 
as additional evidence in support of the conclusion, that ” cvertf else* 
irolyUe tuManee or vmtwe when ditedved ta water mitet ehmically 
in definite yroportioni by weight with every other eueh diuohed body, 
provided no separation of substance occurs and that “ there may 
probably be discovered thousands of such compounds, which only 
exist whilst in aquoons solution, and are decomposed on evaporating 
or crystallising their solutions.*' The present research has shown the 
existence of nearly 250. 

The fonnule of the compounds, together with the amounts of 
energy, are arranged in the form of a table as a volta tension series of 
electrolytes, commencing with I+Gl, which gives a pins number of 
+11,686,507, and ending with 2(H,N+KH0)+(K,C0,+lfa,S08), 
which gives a minus one of— 959,817. The whole of the formnlss 
agree with the ordinary chemical equivalents of the substances. 
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IV. ** Note on tho Free Vibrations of an infinitely long Cylin- 
drical Shell/’ By Lord RAYiiKiou, Sec. U.S. Received 
Febniniy 26, 188y. 

In a recent memoir* Mr. Love has considerod ibis qucHtian among 
others ; but he has not discussed his result [equation (^5)], except in 
its application to a rather special case involving tho existence of a 
free edge. When the cylinder is regarded os infinitely long, the pro- 
blem is naturally of a simpler character; and I have thought that it 
might be worth while to express more fully the frequency equation, os 
applicable to all vibrations, independent of the thickness of the shell, 
which are periodic with respect both to the length and the circum- 
ference of the cylinder. 

In order to prevent misunderstanding, it may be well to premise 
that the vibrations, whoso frequency is to be detomiiaed, do not 
include the gravest of which a thin shell is capable. If the middle 
surface be simply bent, the potential energy of deformation is of a 
higher order of magnitude tlmn in the contrary case, and according 
to the present method of ti'catment tho frequency of vibration will 
appear to be zero. It is known, however, tliat the only possible modes 
of bending of a cylindrical shell arc such as are not periodic along the 
length, or rather have the wave-length in this direction infinitely long.f 
When the middle surface is stretched, as well as bent, the potential 
energy of bending may be neglected, except in certain very special 
cases. 

Taking cylindrical co-ordinates (r, 0, z), and denoting the displace- 
ments parallel to z, 0, r by «, c, w respectively, wo have for the 
principal elongations and shear at any point (a^ — 

du w . 1 dv Idu . dv /| \ . 

tfj := -r— , tr • » • # • V-*-/ » 

d-s * a a d4> a d<p as 

and the energy per unit of area is expressed by 

+ ( 2 ), 

where 2h denotes the thickness of the shell, and nt, n are the elastic 
constants of Thomson and Tait’s notation. 

* **On the small Free Vibrations and Deformation of a thin Flastlo Shell,*' 
* Phil. Traui.,’ A, vol. 179 (1888), p. 491. 

f On the Bending and Vibration of thin Blastio Shells, espeoially of Cylindrical 
Form,*' ' Roy. Soo. Proo.,' tnpra, p. 195. 

t See a paper on the Infinitesimal Bending of Surfaces of Revolution (' London 
Moth. Soc. Proo.,* vol. 18, p, 4, Nov. 1881), and those already cited. 
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The functions n, v, w are to be assumed proportional to the Bines, or 
cosines, of fa and Tliose may bo combined in various ways, bat 
a sufficient example is 

u =s U COB cos n = V sin sin w = W cos sin fa * . (3) ; 


so tliat s= cos Btphiufiz (4), 

tfg = (W +«V) COH affiHrn fiz (5), 

V = (— #U + ;aV) Bin COB /u (6), 


unity being written for convenience in place of a. The energy per 
unit area is thus 


2n;i[^co8»«08inV {/‘®UH(W+»V)»+^?(W+»V-/tU)8 } 

+ain*»0co8*;ia (— »TI+/*V)*J (7). 

Again, the kinetic energy per unit area is, if p be the volamo 
density, 

f>h ^ 4 - ^ 

(8). 


In the integration of theso expressions with respect to 0 and the 
mean value of each sin® or cos® is We mo-y then apply Lagrange’s 
method. If the typo of vibration be cosp^, and p^pjn = A;®, the re- 
Hultiug equations may be written 


{‘2(M+ lV2+8®-k2}U--(2M+l);uV-2M/iW = 0. . . . (9), 
-(2M+l)A«U+{/«®+2(M+]y-k®}V+2(M + l)sW = 0.,. (10), 
^2M^U+2(M+l)iry+{2(M+l)-Jk®}W = 0... (11), 


whore M = (12), 

The frequency eqnation is that expreasing the evanescence of the 
determinant of this triad of equations. 

We will consider tor a moment the simple case which ariaes when 
yu =s 0, that is, when tlie displacements are independent of e. The 
three equations reduce to 

* In the phyiieal problem the range of integration for ^ ii from 0 to 2v ; but 
mathematioally ve are not confined to one revolution. We may oonoeive the ihell 
to consist of seveml superposed oonvolutions, and then s is not limited to be a whole 
number. 
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(«*-J?)TJ = 0 : (13), 

{2(M+l)«»-ifc8)V+2(M+l)*W = 0 (14), 

2(M+1)*V+{2(M+1)-&*}W = 0 (15); 

and they may bo saiiaficd in two ways. First let V = W = 0 ; then 
U may bo tiuite, provided 

= 0 (16). 


The corresponding typo for U is 

II 5= cos cos pt (17)i 

wliero 

a being restoi'cd, as can bo done at any moment by consideration of 
dimensions. In this motion the material is shonrod without extension, 
every generating line of the cylinder moving along its own length. 
The frequency depends ujwn the circumferential wave-lengtli, and not 
upon the curvature of the (jylinder, 

Tho second kind of vibmtions are those in which U 0, so that 
the motion is stnctly in two dimensionH. Tho elimination of the ratio 
V/W from (U), (15) gives 

feS{&3-2(M + l)(l+«2)} = 0 (12), 

as the frequency equation. The first root is = 0, indicating in- 
finitely slow motion. These are the flexural vibrations already 
referrod to, and the corresponding rolation between V and W is by 
(14) 

aV+W = 0 (20), 

giving by (4), (5), (6), 

<ri a= =s w as 0. 

The other root of (19) gives on I'estoration of a, 



j!:So9_ J^L(l+«!') 

(21). 


w+n 

or 

_ 4»n»» l+»* 

(22); 


while the relation between V and W is 

-V+sW = 0 


( 23 ). 
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It mrill bo bboerved that when • is very largo, the flexural vibrationa 
tend to become excluBirelj normal, and the exionsional vibrations to 
become exclusively tangential, as might have been expected from the 
theory of plane plates. 

Returning now to the general case, the determinant of (9), (10), 
(11) gives on reduction 

[jfcS.^a_^j|;t2[ifca-2(M + l)(A»* + 8Hl)]+4(2M+l)/i»} 

+4(2M+l)/*»^ = 0 (24). 

If 0, we have the three solutions already considered, 

;b2 = 0, A? = b3, t2 = 2(M+l)(i»s+l). 

If a = 0, that is, if the deformation be symmetrical about the axis, 
wo have 


or &«[A»-2(M+l)0*a+l)]+4(2M+l)^«=:0 (26), 

Corresponding to the first root we have U = 0, W = 0, as is readily 
proved on refoi^enco to the original equations with « s 0. Tho vibra- 
tions are the purely torsional ones roprosonted by 


V = sin fiz coapt (26), 

whore j>s = ^ (27). 

P 


The frequency depends upon the wave-length parallel to the axis, 
and not npon the radius of the cylinder. 

The remaining roots of (25) correspond to motions for which V = 0, 
or which take place in planes through the axis. The general character 
of those vibrations may be illustrated by the case where is small, or 
tho wave-length a large multiple of the radius of the cylinder. We 
find approximately from the quadratic (on restoration of a) 


o , 2MV V 

‘*'(M+1)2 


(28), 


or 




9(2M.|-1)^» 

(M+l) 


(29). 


The vibrations of (28) are nearly purely radial. If we suppose 
that /I vanishes, we fall back upon 

JPo««2(M + l), 
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or 




4inn 1 


(30).* 


aa may he bcoq from (22), by putting b = 0. 

On tbe other baud, the vibrations of (2d) are noai'ly purely axial. 
In terms of m and », 


nu® 3w— n 
p m 

t 


(31). 


Now, if q denote Young's modulus, 


2 = 




m 


G^2); 


so that 



(33). 


This is the ordinary formula for the longitudinal vibrations of a rod, 
the fact that the section is here a thin annulus not intiueucing the 
result to this order of approximation. 

Another extreme case worthy of notice occurs when s is very great. 
Equation (24) then reduces to 

[&a-2(M+l) (m^^s^)] =0 (34) ; 

BO that becomes a function of p and a only through (/t®+^)i as 
might have been expected from the theory of plane plates. The first 
root relates to lloxural vibrations; the second to vibrations of 
shearing, as in (18) ; the third to vibrations involving extension of 
the middle surface, analogous to those in (22). 

It is scarcely necessary to add, in conclusion, that the most general 
deformation of tho middle surface can be expressed by means of a 
series of such aa are periodic with respect to a and 0, so that, the 
problem considered is really the most general small motion of an 
infinite cylindrical shell. 

[Another particular case worth notice arises when « == 1, so that 
(24) fuaaamcB the form 

fcS(jfc3_^9_l)(;jk«_2(M+l)(;iH2)] 

+ 4a4»(15:«-a‘*)(2M + 1) = 0 (36), 


As we have already seen, if /i be aero, one of tho values of Ar® vanishes, 
II p be small, the corresponding value of is of the order p\ Equa- 
tion (36) gives in this case 


* M+1 ^ 


.(36); 


* ^is equatUm » ^rsn, in a Bllghtly diffmnt form, by Love (loe, cii,, p. B2S). 
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March 21, 1889. 

Professor G. G. STOKES, D.G.L., President, in tbo Chiur. 

The Presents received \vere laid on the table, and thanks ordered 
for them. 

The following Papers wore read 

L On the Velocity of TransmisHion through Sea-water of 
Dieturbnncea of large Amplitude caused by Explosions” 
By Richard TiiRELFAlJi, M.A., Professor of Physics, and 
John Frederick Adair, M.A., Demonstrator of Physics, 
University of Sydnej". Coinraunicated by Professor J. J. 
Thomson, F.U.S. Received March 14, 1889. 

(Abstract.) 

This paper contains an account of a large number of experiments 
made with the object of determining tbe velocity of waves of com- 
pression oaused by exploHions under water. 

The method adopted depended on the use of a certain “ gauge ’* 
devised for the occasion, whereby the arrival of tbo disturbauco at a 
given point was transmitted to a chronograph. 

The disturbances themselves wore caused by submarine explosions 
of dynamite and guncotton in quantities varying from nine ounces to 
four pounds. 

The distance over which the velocity was measured was about 
200 jards. 

The water was that of the Paciflo Ocean in tlie harbour of Port 
Jackson, N.S. Wales. 

The chronograph was of the falling pendulum description, and 
fired the ohaigo automatically. 

The absolute time was obtained by comparing the chronograph 
tuning fork with an astronomical clock. 

The distance was obtained in terms of the standard yard of N.S. 
Wales by means of trigonometrical survey. The chief results for 
the range quoted are as follows 
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Bewripticm of 
explonTe, 

Number of 
experi- 
ments (each 
experiment 
involving 
two explo- 
sioiiB and 
time mea- 
Buromenta). 

Velocity 
found in 
uietrea wr 
socuiid. 

d 

e 

£ 

e 

1 

Velocity 
of Bound 
calculated 
in metrea 
per aecoiid. 

Rzoesi of 
Telocity aa 
compared 
vith 

Telocity of 
Bound. 

A 

9oz. dry {omootton. 

11 

m2d:22 

17“8 

1 1523 

per cent. 
13 -75 


10 oz. Ko. 1 dyimiuile 

24 

1776±27 

14-6 

150H 

17-7 


18 oz. dry guncotton. 

5 

1942 ±8 

16^8 

1525 

27-3 

D 

64 oz. dry guncotton. 

3 

2Ul3d:35 

19 0 

1528 

81*7 


The chief portion of the paper ia occupied hy a description of the 
details of the precautions taken to make the measaremonta as accurate 
as possible. 


II. ‘‘ An Experimental Inveatigatinn of the Cii*cuinfltanccs under 
which a Change of the Velocity in the Propagation of the 
Ignition of an Explosive Gaseous Mixture takes place in 
closed and open Vessels. Part I. Chrouographic Measure- 
ments.” By Fuepbriok J. Smith, M.A., Millard Lecturer, 
Exptl. Mech., Trin. Coll., Oxford. Communicated by A. G: 
Vkunon Haucourt, F,R.S. Received March 12, 18811. 

(Abstract.) 

The subject of the paper of which this is an abstract, is the df-ter- 
xnination of the rate of change of the velooitjr of the propagation of 
an explosioii in gaseous explosive mixtures. 

It has been notioed by several investigators, vix., MM. Bertholot 
and Vielle, MM. Mallard and Lo Chatelier, and Professor H. B, Dixon, 
that explosive gaseous mixtures ^ter ignition do not reach 
their maximum velocity of propagation at once, hut that a certain 
maximum velocity is attained soon after initial ignition. 

In order to investigate this interesting period, which may be called 
the acceleration period of an explosion, chrouographic ximaBarements 
of a peculiar nature were found necessary. 

It was at once evident that bnt little advance in this branch of the 
subject of explosions could be made unless exceedingly minute periods 
of time could be measured with certainty* 
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It was not possible to work with the pendalnm chronograph (good 
as this instrument is for other branches of research), as its len^h of 
traverse is too limited, and the difficulty of subdividing tuning fork 
traces is found to be very groat, since the velocity of the pendulum 
varies from zero up to a maximum during its swing; tliis being so, a 
new form of chronograph has been devised to meet as far as possible 
al! die requirements of the ease, by means of Hie instrument. The 
following results have been obtained : — 

1. The ^i$f,in>th second can be measured with ease, and periods of 

time differing from i%th second to second can be recorded 

on the same moving surface. 

2. The surface which receives the record moves at a velocity 
which is practically constant during the traverse of 50 cm. ; also its 
velocity can be varied between wide limits. 

H. A large numl)er of time nicords can be mode side by side, all 
incords being made in straight lines. 

4. Fractions of recorded vibmtions of a fork can be subdivided by 
means of a micromoter microscope. This is not the case with vibra- 
tions recorded on a surface attached to a pendulum, where the velo- 
city varies from zero up to a maximum at the middle of the swing. 

The electromagnetic sty It, by means of which events are marked, 
are so constructed that their period of latency " is almost absolutely 
constant, and thoir electromagnets are so wound that no sparking 
takes place on breaking the circuit. 

A moving siirfaco is carried on a c^ari'iage, which is propelled by 
means of a falling weight, which after a certain velocity has been 
attained is removed, the surface then moves with a velocity which is 
found to be practically constant, for the limits between which a time 
record is made. 

The chronograph is used in conjunction with a steel tube in which 
the explosions take place. At even distances along iho axis of the 
tube, conducting bridges, eight to ton in number, of Dutch metal 
insulated from the tube, are placed; each bridge is comieoted electri- 
cally with a recording stylus, so that as each bridge is broken by the 
explosion, a mark is made on the sarfnoe of the ebronogmph; 
these markings when duly interpreted provide data for oonstruoting 
a curve, which indicates the rate at which the velocity of the 
explosion is changing during its propagation. 

The rest ol the paper treats of the methods by means of which tha 
errors due to the use of electromagnets in chronographic work have 
been dealt with and reduced as far as possible. 
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III. “ On an Effect of Light upon Magnetism.** Bj Stielford 
Bidwell, M.A., F.R8. Beceivod March 11, 1889, 

Several experi mentors in the early part of the present century 
tned to magnetise iron and steel by the action of liglit,* but I do not 
know of any recent attempts in this direction, and of late years the 
thing has been generally regarded as impossible. Under ordinary 
circumstances there can be little doubt that this is the case, but, if a 
oortaiii condition is fulfilled, we miglit, I think, expect hi find some 
evidence of the action of radiation upon the magnetism of iron. 

The condition is that the susceptibility of the bar AB to be operated 
upon shall be greater (or less) for a magnetic force in tins dintcUon 
AB than for an equal one in the direction BA. This paper contains 
a short preliminary account of a series of experiments which have 
boon undertaken with iron bars having this property. Much yet 
remains to be done, which will require a considei'able amonnt of time, 
and for which special apparatus must bir constructed. In the mean- 
time, the results already obtained appear to possess safficieiit interest 
to justify their publication. 

The method of preparing the bars is as follows : A piece of soft 
iron rod, whieli may conveniently be 10 or 12 cm. long and fiY)m 0*5 to 
1 cm. in diameter, is raised to a bright yellow heat and slowly cooled. 
When cold, it is placed inside a solenoid, through which is passed a 
battery currant of sufficient strength to produce a field of about 350 
or 400 O.G.S. units. The iran when removed from the coil is found 
to be permanently magnetised, and its north pole is marked for the 
sake of distinction with red sealing-wax varnish. The bar is then 
supported horizontally and in an east and west direction behind a 
small reflecting magnetometer, and over it is slipped a coil, which is 
shunted with a rheostat, the resistance of which can be gradnally 
increased from 0 to 26 ohms. The coil can be connected by a key 
with a single battery coll, which is so arranged as to produce a 
demagnetising force inside the coil. The resistanco of the rheostat 
is slowly raised, so that mora and more current passes thraugh the 
coil, the battery key being alternately lifted and depressed until the 
magnetometer indicates that the iron bar as a whole is perfectly 
demagnetised. The strength of the demagnetising force required 
varies according to circumstances ; it is generally about one- thirtieth 
or ono-twenty-fifth of the original magnetising force. 

After this treatment the iron rod does not differ, so far as ordinary 
tests will show, from one which has never been submitted to mug* 

* Chiyttal, * “Rncyei. Biitann./ vol. 16, p. 274. mentioiu the following 
Moriohioi, Mrs. SomerviUe, Chrietio, Bi«M, and Moier* 
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netic inflnencea NeTertheleBBy as is well known, it possesses certain 
properties which distinguish it from a piece of really Tirgin iron* In 
the first plaoe^ the mthgnetisatios induced by a force acting in such 
a direction as to make the marked end a ‘north pole, is greater 
than that caused by an equal force in an opposite direction* Again, 
if such a bar be held horizontally east and west (to avoid terrestrial 
ihflucnces), and tapped with a mallet, the marked end at once 
becomes a north pole. A similar effect follows if the rod be warmed 
in the fiamc of a spirit-lamp. Lastly, if it be placed inside a coil and 
subjected to the action of a series of rather feeble magnetic forces, of 
equal strength but alternating in direction, the marked end will 
generally become a north pole, even though the last of the alternate 
forces may have tended to induce the opi)os]te polarity, 

A rod treated as above describod appears to be i^markably soiisi- 
tivo to the action of light. When such a rod is placed behind the 
magnetometer, and illuminated by an oxyhydrogen lamp about 
70 om. distant, there occurs an immediate deflection of from 10 to 200 
scale divisions,* the magnitude of the effect varying in different 
specimens of iron. As tKe action of the light is oontinacd, the 
deflection slowly increases. When the light is shut off, the magneto- 
meter instantly goes back over a range equal to that of the first 
sadden deflection, then continues to move slowly in the backward 
direction towards zero. 

The first quick movement 1 believe may be due to the direct action of 
radiation, and the subsequent slow movement to the gradually rising 
temperature of the bar. With a thick rod (1 cm. ia diameter) the 
slow movement is bai‘ely perceptible, extending over only one or two 
scale divisions in the course of a minute, the spot of light becoming 
almost stationary after the first sudden jump. With a thin i*od the 
sudden effect is generally smaller, white the slow after-effect is 
greater and may continue until the spot of light passes off the scale. 

As a general rule the magnetic effect is such as to render the 
marked end of the rod a north pole : occasionally, however, it becomes 
a south pole, but in such cases 1 have always found that the polarity 
is comparatively feeble. It may even happenf that the marked end 
beoomes north when certain portions of the rod are illuminated, and 
south when the light acts upon other poi*tions. This is probably due 
to irregular annealing and a consequent local reversal of the diractioft 
of maximum susceptibility : it indicates that the light effect is locals 
smd is confined to the illuminated surface. In one remarkable speoi* 
men, which happens not to have been annealed at all, tho sudden 
effect and the slow effect are in opposite directions. When the light 

s Tb» magnetometer minor wu 1 metre diitaat from the acele end eabh diTiikm 
w 0*M mm. (A inch). 

t This hoe been observed ia two sgeehninsi 
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is turned upon thiB rod, there is at first a sudden defieotion of twenty 
msgnetometor-soale^ivisioiiB to the left, the spot afterwards moviii^ 
slowly and steadily towards the right. When the light is shut off 
there ooours at onoe a jump of twenty divisions farther towards the 
right before the spot begins to move back in the zero direction. 

Some attempts have been made to repeat the experiments with light 
polarised by means of a Nicol’s prism ; but, either beoanse the larg^ 
prism at my disposal was too small (its aperture being barely 2 om.), 
or beoanse too mnoh of the radiant energy was absorbed by the spar, 
1 failed to get any magnetic effects whatever with the prism in either 
position. 

[Professor Silvanus Thompson has quite recently been kind enough 
to lend me a vezy large and excellent Nicol's prism. From a few 
experiments already made with this instrument it appears that the 
action of the light is quite independent of the plane of polarisation. — 
March 16.] 

There can be no doubt whatever of the reality of the effects here 
described : they are perfectly disiinot, aud are at any time reproducible 
with certainty. The only question is how much of them is primarily 
caused by the action of light, and how much by mere incidental 
change of temperature. But taking all the circumstances into con- 
sideration, I think the evidence is in favour of the conclusion that 
the instantaneoue magnetic change, which occurs when a prepared iron 
bar is illumiuated, is purely aud directly an effect of radiation. 


rV. ** Becaleaoence of Iron.*^ By J. Hofkinsok, F.B.S. 
Reoaived March 7, 1889. 

Proteseor Barrett has observed that if an iron wire he healed to a 
bright redness and then be allowed to cool, that this cooling does not 
goon oontbuously, bnl that after the wire has sank to a very dull red 
it saddoniy becomes brighter, and then continues to cool down, fib 
surmised that the temperature at which this occurs is the tempetatsie 
at whidh the iron ceases to be magnetisable. lu repeating Pro f ess or 
Barrett's experunents^ I found no ditfionlty in obtaining the pheoM* 
menon with hard steel wire^ but I fiuled to observe it in the oses of 
soft inm wiroi or in the case of mangaiiese steel wire. It appesied 
, to be of interest to detennine the actual temperature at which the 
^phenomenoa ooouned, aud also the amount of heat whioh was 
Itberated. Although other expUnations of the phenomenoa h««||i 
. ben offered^ there oan never, I think, have bean much doubt thatii 
^vru.dm to the liberation oi heat owing to some change in the 
lUtilsrial, end net due to any ohange ib 'the conductivity or emisMte 
power. My method b£ experiment -ffae exceed^gly simple. I to6k a 
VOL. XLV. 2 H 
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cylinder of herd steel, 6*3 om* long and 5*1 cm. diaioiter, cnt a 
groove in it, and ^v^rapped in the groove a copper wire insulated with 
asbestos. The cylinder was wrapped in a large number of coverings 
of asbestos paper to retard its oocling, the whole was then heated to 
a bright redness in a gas furnace, was taken from the famaoe and 
allowed to cool in the open air, the resistance of the copper wire being 
from time to time ob^rvod. The result is plotted in the accom- 
panying ourve, in which the ordinates are the logarithms of the 
increments of resistance above the resistance at the tempera^Qi^ 
the room, and the ahsciss® are the times. If the speciflo hei^of the 
material wore constant, and the rate of loss of heat were proportional 
to the excess of temperatnre, the curve would be a straight line. It 
will be observed that below a certain point this is very nearly the 
case, but that there is a remarkable Wave in the curve. The tempe- 
rature was observed to be falling rapidly, then to be suddenly 
retarded, next to increase, then again to fall. The temperature 
reached in the first descent was 680^ C. The temperature to which 
the iron subsequently ascends is 712" C. The temperature at which 
another sample of hard steel ceased to be magnetic, determined in 
the same way by the resistance of a copper coil, was found to be 
690^ G, This shows that within the limits of errors of observation 
the temperature of recalescence is that at which the material ceases 
to be magnetic. This curve gives the material for determining the 
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quantity of heat liberated. The dotted lines in the outre show 
the oontinoatsott of the first and second parts of the ourre^ the 
horisontal distanoe between these approximately represents the time 
during which the material was giving out heat without fall of tempe- 
rature. After the bend in the curve the temperature is falling at the 
rate of 0*21* 0. per second. The distance between the two curves is 
•810 seconds. It follows that the heat liberated in recalesconce of 
this sample is 173 times the heat liberated when the iron falls in 
temperature 1* C. With the same sample I have also observed an 
ascending curve of temperature. There is in this case no reduction 
of temperature at the point of recalosoenoe, but there is a very 
substantial reduction in the rate at which the temperature risest 


y. Electrical Besistance of Iron at a High Temperature.” 

By J. Hopkinson. Beceived March 14, 1889, 

Auerbach, Gallendar, and 1 think also Tait, have observed that the 
temperatnre coefficient of electrical resistance of iron is abnormally 
high. So &ir as I know no one has pushed his observations to the 
temperature at which iron ceases to be magnetic. 


^ The acooxnpanying ourva shows the results of experiments made 
upon a very soft iron wire. The abscissn are the temperatum as 
ertimated by resutanoe of a copper wire, the ordinates represent 
the resistance of the iron wire having unit resisianoe at 20^ 0. It 

2 H 2 
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vfll be seen that the tempemtaie ooeSdeat of inm rwgM fiom 
0*0048 at the ordinaiy temperatore to 0*018 at a temperature jast 
abort of 855” 0. ; it then aaddenlj ohaagea to aboat 0*0067. The laat 
ooeffleient can onlj be regarded as a somewhat rough estimate, 

This temperatore being a higher temperatare thao 1 had obterred 
prerioasly in any case as the temperatare at which a sample of iron 
ceases to be magnetic, it appeared desirable to ascertain whether the 
inm wire differed from other samples in this respect. A ring was 
formed of the wire, and was wound with a priniarjr and seoondaiy 
coil, and the resistance of the secondary was determined when the 
mognetisability of the iron disappeared. It was found that this 
resistance was the resistance which corresponded to a temperature of 
870” 0. ; this temperatare agrees with that at which the diaeontinaity 
in the resistance onrre oconrs, within the limits of errors of observa- 
tion. 


Pretenk, ilarek 21, 1889. 
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BaUimort 1889. The University. 

Munich: — Eonigl. Bayerische Akademie dor Wiasenschaften. A^ 
hondlnngen (I^iilos.-Philol. Classe). Bd. XVIII. Abtb. 1. 
4tto. Jftmehan 1888; Das Bayeriscbe Prioisions-Nivelleasot. 
Siebente Ifittheilnng, von Oari Max v. Baaemfeind. 4to. JfSneftsR 

1888. The Academy. 
Naples : — ^Aocademia delle Snenu Fisiobe e Matematiohe. Beadi- 

conto. Ser. 2. Yol. II. Faso. 1-12. 44o. NapoH 1888. 

The Acadeaqr. 

New York:— American Geographical Society. Bnlletin. Yol. XZ. 

Supplement. 8vo. New York 1888. The Society. 

Paris £cDle Normals Snpdrienre. Annales. Annde 1889. No. 2. 
4to. Parii. The Sebool. 

Sottdtd de Gdogiaphie. Bnlletin. Tome IX. Trim. A 8vo. Pan* 

1889. The Sodtety. 
Booidtd Mathdmatique de France. Bulletin. Tome XYI. No. 6. 

8to. Pari* 1888. The Society. 

Borne t—U. Oomitato Geologioo d’ltalia. BoUettino. Nos. 11 e 12. 

8ro. Soma 1888. The Gomitato. 

Toronto : — Canadian Institute. Proceedings, Yol. YI. No. 1. 

8vo. Tonmio 1888. The Institute. 

Yienna. — Anthropologisdm Gesellsdiaft. Mittheilnngen. Bd. 
XYUI. Heft 4. 4to. Fim 1888. The Society. 

Eaiserlicbe Akademie der Wiasenschaften. Anseiger. Jahxg. 
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TtMUMtioui (oomtimui^. 

1888. Nr. 20-87. 1889. Nr. 1. 8vo. TFSm ; Mitth ri la i i g eii 
der FMUiiatoriaohea OoBuninioii. No. 1. 4to. Wim 1888. 

The Aeademj. 

ELK. Geologieohe Beiehmostalt. Verhandlangen. Jahrg. 1888. 
Noe. 14-18. 1889. Nos. 1-8. 8ro. TP«m. 

The Institote. 

K.K. Netnrhistorisobes Hofmiiseam. Annalen. Bd. TIL Nr. 

3-4. 8vo. TfMftl888. Thelfnaenm. 

K.K. Zoologuch-Bo(anisohe Oesellsohaft. Yerhendlangen. Jahig. 
1888. Hefii 3-4. 8ro. Wtent. The Sooielj. 

Warwick: — ^Warwickshire Natandists’ and Arehaologista’ Field 
Club. Praceedinga. 1887. Sro. Wonofth [1888]. 

The Club. 

Tokobama: — ^Asiatic Societgr of Japan. Transaotions. Vol. XYI. 

Part 2. 8to. Yokohama 1888. The Sooielj. 

Zftrioh: — Natniforsohende Oesellsohaft. Vierteljahrasohrift. Jahrg. 
KKXni. Heft 1-2. 8to. KSrtehl888. TheSodetj. 


Obserrations and Reports. 

Batavia :—lCagnetioal and Heteorological Obserratorf. Obsem^ 
tions. Vols. YHI. X. 4to. Baiavia 1888 ; Beg«iiwaanieniingen 
in Nederlandsoh-IndiS. 1887. 8vo. Batama 1888. 

The Observatoiy. 

Bombay Meteorological Offloe. Brief Sketch of the Meteorology 
of the Bombay Pteaidenoy in 1887-88. Folio. Bombay, 

The Office. 

Calcntta: — ^Meteorological Office. Observations made at Seven 
Stations in India. Angast — September, 1888. Folio. [Col- 
oatto]. The Office. 

Colnmbns: — Ohio Meteorological Bntean. Report. December, 
1888, and January, 1889. 8ro. Ooihtmhtu. The Bnrean. 

India: — Oeologioal Survey. Records. VoL XXL Part 4. 8vo. 
Odleutta 1888. The Survey. 

Mad rid Oonusidn del MapaOeoldgicodeBspaila. Boletin. Tomo 
XIY. 8vo. MbOrid 1887. The Oomiaidn. 

Mexioo Observatoxio Meieoroldgioo-Magndtioo Central de M&cioo. 
Boletin mensnal, Tomo L Ndm. 1-3. 4to. [Jf<hnbo] 1888. 

The Obaervatoiy. 

New Torkt— Oedogiool Survey of the State of New Toik. 
Palnontolqgy. Yols. YI-YII. 4to. Atbaay 1887-88. 

The Sorviy.' 

Pean^lvaaia:— Geological Survey. Aannal Report. 1888. Bart4b 
with. Atlas. 8vo. HerrMbiHg 1887 ; Atlas, Norlihem Aaffioacite 
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Field. Part 2. 8to. ISarriihwrg 1888]; Atlaa, Eaatent 
Middle Anthracite Field. Part 8. 8vo. \EaTr%$hurg 1888]. 

The Survey. 

WeHington ; — Statistica of the Colony of New Zealand. 1887. 
Folio. Wellington 1888; Beporta of the Mining Indnstnes. 
1888. Folio. Wellington^ 

The Govemmeat of New Zeidand. 
Zurich ; — Sohweiaerische Meteorologiache Central- Anatalt. Annalen. 
1886. 4to. Ziirich [1887]. The Institato. 


March 28, 1889. 

ProfesBor G« G. STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on the tables and thanks ordered 
for them. 

The following Papers were read : — 


I. **The Structural Arrangement of the Mineral Matters in 
Sedimentary and Crystalline Pearls.” By Gsorge Hablby, 
M.D.y F.B.S. Heceived March 6, 1889. 

[PablicAtion deferred.] 


II, " On the descending Degenerations which follow Lesions of 
the Gyrus marginalia and Gyrus fomicatus in Monkeys ” 
By E. P. Franoib. With an Introduction by Professor 
Sohafer, F,R.S (from the Physiological Laboratory, 
University College, London). Received March 9, 1889. 

(Abstract.) 

This paper contains a minute account of the descending degenera- 
tions wUch have been observed to make their appearance in thebwer 
portions of the central nervous system, as ijle result of artifioiaUy 
established lerions of parts of the cerebral coribz. The work has been 
carried out by Mr. France with materM sujiplied by the resesrohes 
of Professor Horsley, Dr. Sanger Brown, and P^fessor Schiler, 
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wluoli have been pabluhed ia iho * Pbiloaopbical TransaotioiiA*^ 
(toI. 179). It is illastrated partly by representations of certam of 
tbe brains showing the extent of the lesions, partly by photographs of 
mioroscopio sections through the spinal cord and medulla oblongata. 


III. ‘‘On certain Ternary Alloys. I. Alloys of Lead, Tin, 
and Zinc.” By C. R. Ald£R Wmoht, D.Sc., P,R.S., 
Lecturer on Chemistry and Physics, and C. THOMPSON, 
F.C.S., F.I.C., Demonstrator of Chemistry, in St. Mary's 
Hospital Medical School. Received March 5, 1889. 

It is well known, that quite apart from a tendency to separate more 
or less completely into difleront mixtures during solidification, certain 
mixtures of molten metals show a tendency to separate into two alloys 
of different densities on standing fused for some time. Lead and sino 
and bismuth and sine have been shown by Matthiessen and von Bose 
(‘ Boy. Soc. Proo./ vol. 11, p. 430) to form two such mixtares. We 
find that aluminium and zinc or aluminium and bismuth also behave 
in the same way. In each case two different alloys are fofmed, one con- 
sistmg of the heavier metal with a little of the lighter one dissolved 
therein, the other of the lighter metal containing a small quantity of 
the heavier one. 

On the other hand, tin will alloy indefinitely in all proportions with 
any one of the four metals, lead, bisnmth, zinc, or aluminium, the 
mixtures exhibiting no particular tendency to separate into two 
different alloys on simply remaining at rest in a fused condition, 
although in certain cases more or less separation is apt to occur dwring 
owing to partial formation of eutectio alloy. On quickly 
cooling a mass of 60 to 80 grams of mixed metal, fused in a small 
narrow oruoible and kept molten for some hours, an ingot is obtained, 
the highest and lowest portions of which exhibit sensibly the same 
oonposition on analysis ; no more difference being observed than may 
reasonably be attributed to surface oxidation and volatilisation whilst 
standing molten, and to incipient formation of eutectic alloy during 
the act of solidification. Thus the following figures were obtained 
with two ingots of zipo and tin, and similarly in the other cases 


Ton lam 

Zinc. 

B 

Zino. 

Tin. 

31 ’IS 

81 '37 

66*67 

68*68 

61*14 

60*54 

88-66 

89*46 

Bottom layer 

Mean 

31*25 

68 *76 

60 -M 

1 

89 ’16 
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bol»T6 like tin in this respeet. 

It ooonmd to ns that it would be of interest to examine the 
behaTtour under similar conditions of temarj mixtures where two of 
the ingredients are not miscible together in all proportions (like 
alnmininm and lead), whilst the third is miscible indefinitely with 
either of the other two (like tin), iljprmn, it would seem probable that 
such mixtures would behave in a &shion similar to mixtures of 
alcohol, ether, and water. It is well known that these three fluids can 
be mixed together in certain proportions so as to form a single homo- 
geneons liqnld, not separating into two different layers on standing ; 
whilst, on ^e other hand, certain mixtures of alcohol and ether, when 
agitated with water, ultimately form two different fluids, the heavier 
one consisting of water containing in solution some alcohol and ether, 
the lighter one of ether retaining the rest of the alcohol and some 
water. By parity of reasoning it might be expected that with certain 
proportions a single stable alloy wonld result, whilst with others the 
mass would divide into two different ternary mixtures. In point of 
&ot this is precisely what occurs. 

For a variety of reasons wo selected the alloys of lead, tin, and sine 
for our first experiments : these metals are easily obtained in quantity 
and of fair purity; the mixtures are fusible at temperaturee easily 
attained and controlled; and the analysis of the resulting alloys is 
comparatively simple and easily executed with accuracy, no unim- 
portant point when some 20O to SOO different alloys are to be ex- 
amined, as we found to be nltimately necessary. Onr first preliminaiy 
experiments indicated that when the lead and sine are present in 
proportions not widely different (between the limits 3 to 1 and 1 to 3), 
the quantity of tin requisite to prevent separation into two different 
alloys was from ^ to f (38 to 40 per cent.) of the total mass, ve., such 
mixtures, after standing quiescent in a molten state for several hours 
and then cooled, gave ingots exhibiting sensibly the same composition 
at top and bottom. For example, the following figures were obtained 
with five different mixtures where the tin was always not leas than 
85 per cent, of the whole, whilst the sino and lead varied in their ratio 
between the limits 1 to 2 and 2 to I or thereabouts 
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Oh c$Haik Tmmy Alh^%* 


Top 

Tin. 

Lead. 

Zioe. 

BB'M 

86-80 

44*47 

48*62 

80 17 
80-68 

Bcvtom ......... 

Meui 

as ‘58 

44*06 

80-37 

Top 

86*81 

87-01 

80-78 

89-41 

23*41 

22*68 

Bottom 

ICean 

87-36 

89*60 

23*04 

Too 

86*93 

88*83 

80*96 

81*84 

82 *11 
29*98 

BoL>m 

Ifoan . 

87*68 

81 *40 

81*02 


Ton ............ 

86-48 

86*90 

26-60 

37-93 

36-67 

88-17 

Bottom ......... 

Ma&n. 

86*67 

87*41 

85*92 


Too 

36*06 

87*68 

22 -18 
28-06 

41-88 

30-87 

Bottom ......... 

If a&n- . < t « t T 

86*82 

22*69 

40*59 



m 


These figures are the results of the analysis of the ingots obtained by 
melting the yarious miziures in a omoibler well stirring together for 
some minutes, ponring into the red-hot bowl of a plugged olay 
tobacoo*pipe, and keeping molten for some hours whilst at rest, and 
finally quickly cooling hj removing the source of heat (a bunsen 
burner). The differences between the compositions of the top and 
bottom portions of the ingots are obviously no greater than whikt may 
be reasonably ascribed to surface oxidation and volatilisation, and 
possible slight variation introduced through partial separation into 
differently fusible alloys during solidification. 

On the other hand, the following figures were obtained with three 
other mixtures, in which the tin constituted respectively about 9, 20, 
and 27 per cent, of the whole, whilst the sine and lead were in the 
ratios 2 to 1, 1 to 1, and 1 to 2 in the three cases respectively : — 
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Top 

Bottom • 

Tin. 

I<ead. 

Zino. 

10*81 

7*70 

2*90 

90*82 

86*79 

2*08 

Top 

Bottom • • 

21*80 

18*48 

8-12 

76*76 

69-99 1 
6-76 1 

Top 

Bottom 

84*16 

29*66 

9 00 

63 ‘20 

66*86 1 
17*24 1 

1 


Theee and variouB oilier similar experiments led ns to tlio con- 
clusion that the greater the proportion of tin present (provided it 
does not exceed the limiting amount beyond which no separation 
takes place) the more zinc is contained in the heavier alloy, and the 
more lead in the lighter one; bat that the distribution of the tin 
throughout the entire mass is by no means uniform, the lighter alloy 
oontaining the greater percentage when the proportion of tin in the 
total mass is low, and vteo versd when it approaches towards the 
limiting amount; so that with a particular proportion of tin in* the 
total mass uniform distribution as regards weight percentage occurs, 
but with no other proportion. 

These first indications appeared to be of sufficient interest to be 
worth following up by the examination of a large number of mixtures 
BO as to enable carves to be drawn representing the variations in 
oomposition of the heavier and lighter alloys relatively to one another 
and in the distribution of the tin throughout the compound mass. 
Accordingly, we first of all attempted to find out whether a moderately 
large variation in the temperature at which the mass was kept molten 
had any great influence on the end result ; for if not, obviously much 
laborious work would be saved, thermostats and arrangements for 
keeping constant temperatures for long periods of time together and 
suoh like devices, involving mnoh complexity of working, being for 
less indispensable than would otherwise be the ease. For this pur* 
pose we prepared two series of mixtures, in each of which equal 
quantities of lead and zino were weighed up with varying quantities 
of tin. The metals were melted in a crucible (previously heated to a 
dull red beat) with a little cyanide of potassium, well stirred together 
with a clay rod for some minutes, and then poured into the red-bot 
bowl of a plugged clay tobacco-pipe and kept therein molten for four 
to five hours. In the first series the bowl was kept hot in the flame 
of a bnnsen burner lapping all round the bowl in the second, the heat 
was intensified by surrounding the bowl with a olay cylinder so as to 
jacket it) A bundle of pieces of thick pktinum rod heated inexactly 
the same .way and transferred to a calorimeter, gave with bowls not 
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jodcetted temperatures Taiying in different experiments between 
560” and 580”, and averaging exactly 565” ; whilst when heated in 
pipe bowls jacketted with the cylinder, temperatures were indicated 
varying between 675^ and 706”, and averaging 689”, or 124* higher than 
before,* It may therefore be fairly assumed that the average tem- 
perature at which tbo mixtures were kept molten was not far from 
124” higher in the second series than in the first. 

After the requisite time had elapsed the lamp was removed, as also 
the jacketted cylinder when employed ; in a few minutes the contents 
of the pipe-bowl were solid, when the clay was broken away from the 
somewhat oonioal compound ingot formed. After filing away about a 
couple of millimetres from the outside, the top and bottom portions 
were cut off by a cold chisel or saw and analysed. Usually a well- 
marked lino of separation between the heavier and lighter alloys 
formed and was easily distinguishable ; as long as the tin percentage in 
the total mass was low, this line was approximately in the middle of 
the mass, but vrith larger proportions of tin the dividing line gradually 
rose until the limit was being approached, beyond which no separation 
took place, when the dividing line was so near to the upper surface as 
to render it impossible to saw off even a thin layer of lighter alloy 
without intermixture with more or less of the heavier one. 

The analysis in all cases was made as follows ; a weighed portion 
(usually from 5 to 8 grams) was boiled with dilated pure nitric acid 
in a well-covered capacious beaker until complete oxidation was 
effected ; the liquid was then diluted and allowed to stand till cold 
and filtered. No appreciable quantity of tin was ever found in 
BoIution.t ^he filtrate was evaporated to a small bulk with excess of 
pure Bulphurio acid, and the lead sulphate produced collected and 
weighed ; the filtrate and washings f^m this sometimes contained 
traces of lead ; if so, these wore precipitated by sulphurotted hydrogen 

* Ths cslorimeter employed contained a litre of water and bad a water equiralent 
of 1050 grams j the thermometer read to -rie of s degree centigrade. Taking the 
initial temperature of this oalorimeter os and the final as (corrected for radia- 
tion, &o.),W 01 the weight of platinum, and S ite mean speoifin heat between and 
T, the temi>mture to be measured, the value of T woe calculated by the formula 

W in most of the ohiervafions was 61*056 grams | S was taken from TooilkVs 
Tolnes by interpolatioa os being 

Between (about 15*) and 566 - 0 *08546 
„ „ 689-0*08595 

„ „ 0-08626 

t When tin is oxidised by dilute nitric odd in presence of relotiTely large quan- 
tities of oertoin metals, especially iron (e,y., is the cose of tinplate), very pMO^ttbfe 
quantities of rin are genenlly taken permanently Into solution. 
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and determined. Owing io the eolation of lime, atunmia, Ao., from 
the Teseele need during evaporatioxit we ftmnd that too high a Talne 
was always obtained by directly precipitating aino with sodinm oar. 
bonate from the aoid fluid ; wherefore we flrst precipitated it as sul- 
phide by means of ammonia and ammonium snlphide, and redissolTed 
the precipitate in dilate hydrochloric aoid (after oolleotion on a filter) 
before precipitating as carbonate. Any traces of sino not thrown 
down thus were precipitated by adding a few drops of ammoninm 
sulphide to the filtrate and thus estimated, whilst any traces of 
alamina and iron contained in the sine oside were determined and 
snbtraoted (after weighing) by dissolving in hydrocblorio aoid and 
supersaturating with ammonia. Usually these varioas filtrate and 
other oorreotiona were all but infinitesimal : the analyses generally 
added up to 99*8 to 99*9 per cent., and the percentages finally quoted 
are nsnally reckoned upon the sum of the tin, lead, and zinc found 
as 100; in some cases, more especially with the lighter alloys, the tin 
and lead only were determimed, the sino being taken by difference. 

Forty compound ingots (20 in eaoh series) thus treated gave 
nnmbm ooncording together reasonably well, fumisfaing the follow- 
ing averages; in several oases duplicate ingots were prepared, the 
mean values being those quoted. 


Series I. — ^Temperature near 565^. 


Heayier alloy. 

Lighter alloy. 

Sseeae of tin 
peroentage in 
lighter alloy 
orer that in 
hesTier. 

Tin. 

lead. 

Zino, 

Tin. 

Lead. 

Zinc. 

0 

98 V 0 

1*80 

0 

1*10 

98*90 

0 

1-79 

M -86 

1*85 

2*49 

1*80 

06*71 

0'70 

4 07 

93*09 

I'd. 

7*81 

8*17 

89*62 

2*04 

7*66 

M -77 

2 '67 

10*97 

4*67 

84 86 

8-81 

8*99 


2*97 

18*04 

8 -70 

81*26 

4*05 

12*15 

84*19 

8*66 

16-60 

6*28 

77 '22 

4*86 

16*06 

78*98 

4*86 

20 '68 

7*10 

72 '27 

8-97 

18*10 

?e*i9c. 

5*88 

21*76 


70-95 

8-66 

ai -86 

n*M 

7*80 

24*09 

8*68 

67*88 

2*78 

26*81 

61*88 

18*86 

26-28 

9*92 

68 80 

0*47 

29*00 

64*90 

16*60 

27*91 

10'80 

61 *14 

- 1-69 

08*09 

45*06 

21*26 

29*68 

18*46 

66*86 

- 4*01 

84*98 

40 -»J 

24*66 

29*84 

14*26 

66-90 

- 6*09 

80-86 

S6'86 

27*90 

84*67 

80 '12 

85*81 

•— 


In eaoh series the last mixture yielded so thin a layer of lighter 
alloy that it waa impossible to saw off a mmple free from admixture 
with a large amoont of heavier allqy. 
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Series II. — ^Tenperainre near i 


HesTier sUoj, 

Lighter alloj. 

Bzoew of tin 
percentaoe in 
lighter alloy 
over that iu 
heavier. 

Tin. 

Lead, 

Zino. 

Tin. 

Lead. 

Zine. 

4-67 

93*44 

1*89 

6*91 

2*90 

00-19 

2 24 

8-79 

89-61 

1*60 


4*60 

82-90 

8*81 

14 38 

80-65 

4*07 

18*88 

6*14 

76-68 

3-84 

16 

79-24 

5*10 

19*06 

6*86 

78*68 

4*80 

19*25 

74-80 

6*95 

88-70 

8*89 

68-91 

8*45 

as-ao 

66-89 

10-81 

26*04 

9*50 

64-87 

2-74 

25*00 

62-80 

M-70 

26*48 

9*81 

68*77 

1-42 

26*88 

58*16 

16*16 

87-64 

10*50 

61 86 

0*96 

28-69 

55-16 

16*25 

28*28 

12*10 

59*67 

-0-86 

81 ‘11 

49-92 

18-97 

27*70 

11*68 

60-56 

-3*85 

88-24 

44*80 

21*96 

28*78 

12*58 

58*74 

-4-61 

24*99 

87-67 1 

27*34 

89-80 

14*45 

66*85 

-5*79 

86*48 

88*68 

20*84 

84*50 

29*70 

86-71 



Besides these forty ingots, however^ a number of others were 
obtained, yielding nambers on analysis not agreeing at all well with 
the forty, more especially as regards the lighter alloys. In all cases 
the figures were jnst such as would be obtained if complete separation 
by gravitation had not taken place, so that the lighter alloy retained 
a little of the heavier one disseminated through it, and v%eever$d; 
just SB when ether and certain aqueous liquids are agitated together, 
a kind of froth forms, which takes a long time before it entarely 
separates, forming two clear liquids. As the experiments subsequently 
detailed render it certain that these abnormal ingots weSe simply 
cases where the separation was imperfect, the figures obtained with 
them are not included iu the above tables, but it is obvious that this 
same semnse of error may have implied to a leseer extent even to some 
of the forty ingots not rejected. No doubt this was actually the case 
in some insfasnoes, on wldbh account Uie curves obtained on plotting 
the above figures show a oertain amount of sinuosity and irregularity. 
The error from this cause, however, as subsequently shown, is not 
serioua } so that the cemeenr^oe between the eurves got from the two 
series of analyses respectively is auffimently marked to show that no 
very oonsideraUe infliienoe is exerted by a difoenoe of temperature 
amounting to some 124 *, on the way in which a given mass of lead, 
tin, and sino divides itself on standing molten. 

Three noteworthy curves are thus obtainable : — 

(a.) When the tin pevoenteges in' the heavier slloyare plotted sa 
absoim and the sino percentages as ordinates. 
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(k) Wbn tha tin papoentagM in tbe lighter alloy am plotted as 
abfloisM and the lead peroentagee aa ovdinatee. 

(o.) When the tin peroentagee in the heavier alloy are plotted ae 
abecissas and ezoeeeee of the peroeniage (+ or «-) in the lighter alloy 
over thoee in the heavier one ae ordinates. 

These three curves respectively repreaent approximately the sola* 
bility of sine in lead containing tin and that of lead in sine containing 
tini and the relative distribution of tin in the two alloys formed 


simaltaneously. Fig. 1 represents the two curves of the first kind 
plotted reapeotively from Series 1 and Serioa 11, the oontinuous line 



188 ».} 


(h ceriain Tmary 


m 


representing the first and the dotted line the second. Fig. 2 repre. 
sents the corresponding onrros of the seoond kind, and fig. 3 those 
of the third kind. Obviously, in each case there is little diflTeronco 
between the continuous and dotted lines, so that it may be fairly 
oonolnded that the effect of variation in temperature from 565" to 
689" is negligible as compared with the experimental errors, more 
especially those due to imperfect separation by gravitation of the two 
alloys from one another. 

The curves representing the distribntion (fig. 3) are remarkable. 
As long as the tin percentage in the total mass is less than about six- 
teen the lighter alloy oontains more tin than the heavier one; at 
about this point (representing somo 14 per cent, in the heavier and 
18 per oent. in the lighter alloy) the difforenoe becomes a maximum 
after which the difFerenoe diminishes, until at about 28 per cent, the 
same percentage of tin ia contained in both alloys. After this the 
heavier alloy contains more tin than the lighter, the difference con- 
iinnally increasing. 

CoMsas retarding SepanMm of Lighter and Heavier Alhg. 

Before proceeding farther we thought it desirable to trace out the 
causes rendering separation incomplete, even after some hours' 
standing. At first we attributed it to the influenoe of traces of im- 
parities in the metala used, but on repeating the observations in 
pipe-howls with the ptEirest samples of ea^ metal obtainable, we still 
oooasionally got nrcgular results, showing that this was not the sole 
cause. Next we tbooght that the error might be due to the partial 
formation of entectio dloys during sblidifioatio&, in such a way that 



470 . Dr. C. R* A. Wright and Mr. CL Thampaon. [Mar, 88« 

tte portiottt of the ingote mtijmA did iu>t tmlf repre s ent the oom* 
position of the lighter and heavier aOojs whilst molten. To avoid 
this we devised an anrangement whereby we oonld draw samples 
bom the molten mass whilst still finid. This consisted of a omoible 
holding some 500 to 600 grams of molten alloy, with a hole drilled 
through the bottom, closed by a conical plug worked up and down by 
means of a screw and lever. At the required moment, by taming the 
lever the plag could be slightly raised by the screw, so that a little of 
the lowest layer of molten metal eecaped throngh the valve thas 
opened into an ingot mould placed to receive it. Simnltaneonsly the 
top layer of molten metal oonld be sampled by a hot porcelain spoon. 
The omcible was surrounded by a cylindric^ clay jacket to keep in 
the heat, which was supplied by a number of bunsen burners arranged 
so as to form a ring of flame tetween the orucible and jacket. Ap- 
parently there was no reason whatever wh7^tbiB arrangement should 
not work sucoessfully ; but in practice we aid not succeed in getting, 
by its means, any results at all on which reliance could be placed. 
The anslyseB indicated that instead of this arrangement giving more 
complete separation than the pipe-bowls, it hardly ever gave so com- 
plete a one; on drawing samples at different times, instead of the 
separation gradually becoming more perfeot as time elapsed, the 
opposite was often the case, some intermixing influence being ap- 
parently at work, which frequently was moro powerful than the 
effect of gravitation in causing the lighter and heavier alloys to 
separate from one another. For instance, the following numbers were 
obtained in one experiment, indicating very incomplete separation as 
compared with the pipe-bowl results:— 


Time. 

Heavier alloy. 

Lighter alloy. 

Tin. 

Lead. 

Zino. 

Tin. 

Lead. 

Zino. 

5 hours • ■ • ■ 
10 .... 

16-01 

U-39 

76-60 

74*86 

8-89 

10-76 

18-19 

18-87 

12*69 

20*86 

69-12 

60-87 


In another case no sensible separation at all was brought about 
after either four or eight hours with a mixture that separated readily 
when fused in a tall narrow orucible. 

These particular two experiments are extreme cases as to irregu- 
larity; but still, in almost every instance, the flgnxea obtained with 
the vhlve omoible were such as to show that the separation of heavier 
and lighter alloys from one another therein was extremely imperfect. 
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After 4 hours. 

After 8 hours. 

Tin. 

Lead. 

Zinc. 

Tin. 

Lead. 

Zino. 

25 -30 

26 *71 

24-48 

24 -n 

60-22 

4U-68 

26*30 

26 *82 

24*16 

25 *02 

49*30 

40*10 

Bottom . . . » • 


Tall narrow Crucible : 8 hours. 


Top . . . 
Bottom 


Tin, 

Load. 

Zinc. 

27-83 

9*81 

62*36 

26-63 

62*39 

11 98 


In these cases it was clear that the formation of eutectic alloys during 
aolidification was not the cause of the iiTegularities observed, whence 
presumably the same is true for the less nTegular results obtained 
with the pipe*bowls. Ultimately we traced the cause to convection 
currents set up through unequal heating of the walls of the contain- 
ing vessels at different levels, and found that the imperfect separation 
could be almost completely obviated by so heating the mass as to 
avoid this inequality of temperature. This we ultimately effected by 
employing crucibles very long in proportion to their diameter (largo 
test-tubes moulded on a core from a plastic mixture of fireclay and 
syrupy sOicate of soda, diluted with aWt three times its weight of 
water), heated by immersion in a bath of molten lead some 8 or 9 
inches deep, oontained in an iron cylindrical vessel (the lower two* 
thirds of a mercury bottle), surrounded by a concentric clay jacket 
and heated by a number of bunson burners playing into the annular 
interspace. The molten metals being well intermixed in a crucible 
(with a little potassiam cyanide), the mixture was poured into a red- 
hot clay te8t*tabe, which was then quickly transferred to the hot lead- 
bath, the mouth of the tube being covered with a heavy iron cap so as 
to depress the test-tube into the load to such a depth that the top of 
the molten metal inside was some 2 inches below the surface of the lead 
in the bath whilst the tube was kept vertical. Under these conditions, 
practically complete separation was always brought about after six to 
eight hours in the lead-bath. Usually soveral test-tubes were heated 
simnltaneoosly. After the required time had elapsed they were oare- 
fully lifted out without shaking, and set by to cool, still in a vertical 
von. XLV, 2 I 
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position. To diminish oxidation, a reducing atmosphere 'vras main- 
tained in the upper part of the lead^bath by covering it looselj with a 
lid and passing a jet of ooal-gas inside. In some few instances the 
test-tubes were not weighted down with iron caps, so that the level of 
the metal inside was above the top of the lead ; under those circum- 
stances the upper part of the metal was largely heated by convection, 
and in all such cases it was found that the lighter alloy retained some 
of the heavier alloy interspersed through it, the convection currents 
preventing complete separation by gravitation. Thus, for example, 
two similar mixtures, containing about 23*5 per cent, of tin, wore 
heated simultaneously for eight hours, one completely depressed so as 
to avoid convection currents, the other raised so as to ensure their 
production, with the following results: — 



Hearier alloy. 

Lighter alloy. 


Tin. 

Lead. 

Zinc. 

Tin. 

Lead. 

Zinc. 

DopFpBsod • # • • 

22 •.12 

69 -St 


2B-71 

8*84 

66*44 

Boued 

22-60 

68*89 

8*61 

24-16 

17*44 

68*40 


The figures obtained with the depressed tube ore perfectly normal 
(vide ^T^ra), whilst those obtained with the other are such as to show 
that, owing to the convection currents set up, a little of the lighter 
alloy was still intermixed with the heavier, whilst a considerable 
amount of the heavier one was interspersed throughout the lighter 
one. 

Lead^bath Ohservatione, 

As a check on the curves above described obtained with pipe-bowls, 
we made another similar series of observations with mixtures oontain- 
ing eq^nal quantities of lead and sino and varying proportions of tin, 
employing clay tesh-tubes heated in a lead-bath. The temperature of 
the bath was ascertained from time to time by beating a bnndle of 
thick platinnm rods in a day test-tube in the bath and transferring it 
to the calorimeter; the temperatures thus observed lay between 61 0*" 
and 710®, with an average of 646° for the whole series of iugots, 
twenty-two of which were prepared, not one giving any markedly 
abnormal results on analysis. The following figures were obtained, 
several of the ingots being duplicates and the mean figures being 
quoted. In all cases the time during which the mass remained molten 
was about eight hours. 
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Series III. — Lead-bath. Temperature near 646°. 


Heavier alloy. 

Lighter alloy. 

Bz«»m of tin 
neieentage in 
lighter wloy 
orer that in 
hoarier. 

Tin. 

Lead. 

Zinc. 

Tin. 

Load. 

Zino. 

0 

98-70 

1-80 

0 

1*17 

98-88 

0 

4-77 

93*67 

1-66 

7-17 

2-17 

00*66 

2-40 

6*48 

91 -M 

1-62 

0*81 

2-78 

87*41 

8*89 

B-85 

87-70 

2-45 

18-80 

3-49 

83*15 

3-51 

18*06 

88-70 

8-24 

17-18 

4*04 

78-88 

4*07 

18-77 

82-42 

8-81 

18-87 

4-64 

77-00 

4-60 

16*30 

79-00 

4-80 

19-61 

6-29 

76*10 

4-31 

28-82 

69-84 

7 84 

26-72 

8*84 

65-44 

3-40 

26-90 

60-08 

12-98 

28*22 

10*49 

61*29 

1*23 

28-67 

66-51 

14-92 

28*66 

11-63 

59-82 

-0-02 

80-87 

62-47 

16*66 

28-90 

11-66 

69-44 

-1*98 

82-86 

46*94 

20-20 

80-13 

13 -19 

56*66 

-2*78 

84-76 

42*48 

22-81 

80-19 

18-80 ; 

56-01 

-4-67 

85*88 

40-07 

1 

! 

24-55 

29-76 

18*81 

56-43 

-6-63 


On plottiug these numbers as before, it is at once evident that the 
curves thence obtained differ but little from those obtained in Series 
1 and III excepting in being more regular, what differences exist being 
such as are obviously due to the more nearly complete separation now 
obtained in all cases ; whence it may reasonably inferred that the 
conclusion previously arrived at is correct, viz., that a variation in 
temperature between 565^ and 689° makes practically no difference in 
the way in which a given mass of metal divides itself on standing 
molten. This conclusion is corroborated by the Tesults described 
below, obtained with two other series of mixtures containing lead and 
zinc in the proportion 1 to 2, in the first of which a mean temperature 
close to 650° was employed, and in the second a temperature about 
100° higher; the curves deduced from the two series respectively 
differing from one another only by amounts barely, if at all, outside 
the limits of experimental error. 

Bs^erimenU with Lead and Zinc in Unequal Proportions. 

We next made several series of observations with lead and zinc in 
unequal proportions and varying quantities of tin, with the object of 
finding out how hr the distribution of tin between the two resulting 
alloys is influenced by the relative masses of metals present. If the 
alloys formed when completely separated from one another ore re* 
spectirely saturated solution of zinc in lead containing tin (bottom) 
and saturated aolntion of lead in zino containing tin (top), it should 
zesnlt that the two first curves obtained as above desorib^ will be the 

2 X 2 
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same no matter what may be the relative proportions of sine and load 
in the total mass; and this, in point of fact, wo find to be the case. 
Bat it does not follow theredrom that with a mass of metal containing 
« per cent, of tin the same pair of alloys will be obtained, no matter 
in wbat relative proportions the zino and lead may exist in the re« 
maining 100—^ per cent. ; and, in point of fact, we find not only that 
a different pair results for each variation in the relative proportions of 
sine and lead in such a case, but, further, that the curves representing 
the relative distribution of tin in the two alloys are not tho same for 
all proportions between sine and lead in tho total mass. When zinc 
predominates the curve rises less rapidly, tho maximum difference in 
tin percentage is attained later, and tho point of equal distribution of 
tin throughout the entire mass lies further from the origin than when 
the zinc and lead are present in equal proportions in the entire mass ; 
and vice vered when lead predominates. 

Thus the following values were obtained from a series of sixteen com- 
pound ingots, prepared in the lead-bath at an avemge temperature of 
dose to 650**, the mosses remaining fused for about eight hours in each 
case, the proportions between zinc and load in the metals weighed up 
being uniformly 2 to 1. 


Series lY. — Zinc donble the Lead present. Temperature near 650^ 


Heavier sllo^. 

Lighter alloy. 

Exceae of tin 
wrceiitage in 
lighter tdloj 







ov'er that m 

Tin. 

Lead. 

Zinc. 

Tin. 

Lead. 

Zinc. 

heavier. 


98-78 

1-23 

0 

mm 

98-92 

0 

3-67 

94-89 

1-94 


8-21 

92*68 

1-60 

7-70 

90-22 




88-79 

8-69 


88-43 

2-77 

■IKS 

3-71 

81-66 

3-98 

14-85 


3 76 

19-48 

6-22 


4-68 

16 '8C 

79-24 


81-00 

6-97 

78-94 

4-73 

18 79 


6-59 

88-07 

6 ’67 

70-86 

4-88 

80 19 

74-03 

6*78 

24-11 

6*98 

68-91 

3-98 

25-63 

62-39 

11 -98 

27-88 

9-81 

62*36 

2-80 


64-76 

16-64 

28-80 


60-44 


aO-58 


18*41 

89-39 

11*82 


-1*19 

• . 

.. 


29-80 

12-24 

67-96 


immm 

44-21 

22-30 

31 -85 

13-65 

66-10 

-2-14 

35-34 


87-80 

32-03 

16-57 

58-40 

-3*31 


A similar series of eight ingots at a higher temperature, close to 750^, 
gave the following results 
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Series V.'— Zinc double the Lead present. Temperature near 750*. 


Heaner alloj. 

Lighter alloy. 

Kxceu of tin 
poroentago in 
Lighter «loy 







oror that in 

Tin. 

Lead. 

Zinc. 

Tin. 

Lead. 

Zinc. * 

hoarier. 

6*96 

02 10 

1*04 

8*53 

3*18 

88-29 

2*67 

10 ‘7« 

86*29 

2*95 

14-87 

S-6t> 

81*44 

4*11 

16*68 

78-48 

4*99 

20*44 

6*00 

78*56 

8*66 

22*57 

70-79 

6*64 

25*41 

7-06 

87-64 

2*84 

29*41 

62*75 

17 *84 

29*54 

11-71 

58*95 

-0*07 

81*96 

46*78 

21*82 

mJWiym 

18-49 

55*40 

-0*93 

84*24 

42*28 

28-48 

livM 

18-74 

54*56 

-2*54 

84*78 

40*28 

24*09 

la 

16-21 

52*63 

-2*62 


On plotting these two series it is obvious that the curves are prac- 
tically identical in both cases ; indicating, as above shown, that little, 
if any, sensible difference is brought about by a considerable tem- 
perature variation in the way in which a given mass of metal divides 
itself on standing* On the other hand, whilst the solubility curves of 
sino in lead-tin and of lead in sino-tin thenoe derived are sensibly the 
same as those derived from Series III, the tin distribution curves are 
by no means identical therewith, especially with the highest tin per^ 
oontages. 

Another series of mixtures was then prepared with sine and lead in 
the proportions 1 to 2. The following values were obtained from 
twenty ingots fused about eight hours at a tempeiuture close to 050^. 


Series VI. — Lead double the Zinc present. Temperature near 65(K 
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. On plotting these nnmberi it beoomes erldent that whilst the sola- 
faility ourres of sino in lead-tin and of lead in sino-tin thsooe derived 
are sensibly identical with those obtained from Series III, lY , and Y , 
the tin distribution curve is different from either of those obtained 
with sine and lead in the proportions 1 to 1 and 2 to 1. 

Fig. 4 represents the mean solubility curves (1) for sine in lead-tiu, 
(2) for lead in zinc-tin. derived from all the foregoing observations 
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made in the lead>bath, theabsoiWB being in eaoh caae tin peroentagea, 
and the ordinatea zino pevoentagea for onrre No. 1, and lead peroent* 
agea for cnrre No. 2. The two oaires are not widely differentat firat, 
but latterly ourre No. 1 diatinctly orerliea No. 2. 

Fig. 5 reproaenta the mean tin diatribntion cnrvca derived from the 
preceding obaervations, No. 1 being that derived from the exporimonta 
where the zino preaent waa doable the load. No. 2 where the two 
motala were in equal proportiona, and No. 3 where the lead waa 
doable the zinc. The maxima obtained oorreapond reapeotively with 
the ordinate valuea 47, 4*6, and S‘7, and are aitnated at about the 
abacisaa valuea 15, 14, and 12 reapeotively. The orosaing pointa 
(pointa of equal tin diatribntion aa r^rda weight percentage throngh 
the maaa) are reapectively close to 22*0, 28*5, and 25*2 per cent, of tin. 
The gradient of rise towards the mazimnm and of faU anbaeqaently 
below the orosaing point is steepest in curve No. 3 and least steep in 
No. 1. 

The following tables contiun the mean values graphically repre> 
sented by these onrvea. 


Solubility of Ziuo in Letd^tin. 

Bolability of Letd in Zino-tin. 

P«r O 0 &t. 
of tin. 

Per oent. 
of smo. 

Diflerenoe. 

Por oent. 
of tin. 

For oont, 
of 1^. 

Diffomioe. 

0 

2 

4 

6 

8 

10 

12 

U 

le 

18 

80 

22 

24 

26 

28 

80 

82 

84 

86 

1 

1*24 

1*44 

1*65 

1*89 

2*15 

2*46 

2*85 

8*4 

4*1 

5*0 

6*1 

7*6 

9-26 

11*25 

14*5 

170 

19*75 

28*0 

2 r*o 

I 



0*38 

0*33 

0-33 

0*38 

0*34 

0*84 

0-86 

0*40 

0*6 

0*8 

1*0 

1*2 

1*4 
; 1*7 

2*15 

2*75 

1 

1 
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Tin Distribution Gnrvos. 


Peroentago of 

Kzcets of tin percentage in lighter alloy over that in heavier. 

tin in heavier 
aUoy. 

SSino double the 
load. 

Equal. 

Lead double the 
sine. 

2 

0-8 

Difference. 

0*8 

0*9 

Difference. 

0-9 

1*1 

Difference. 

1*1 

4 

1*6 


1-8 

0-9 

2*2 

1*1 

6 

2*4 


87 

0*9 

2-9 

0*7 

* 8 

3*1 

0*7 

3*4 

0*7 

3*8 

0*4 

10 

3*7 

0*6 

3*9 

0*6 

8-65 

0-26 

12 

4*2 

0*6 

4*35 

0-45 

3*7 

0*15 

14 

4*66 

0 85 

4*6 

0*26 

3 -66 

-0-15 

16 

4-7 


, , 


, , 

a a 

16 

4*56 


4*36 

-0*25 

3*3 

-0*26 

18 

4*2 

-0*35 

4*0 

-0*35 

3 0. 

-0-3 

20 

8*76 

-0 *46 

3*6 

-0 *4 

2-6 

-0*6 

22 

3*1 

-0*66 

3*0 

-0*6 

1-75 

-0*76 

24 

2*3 

-0*8 

2*2 

-0*8 

0 76 

-1*0 

25 *2 

. , 

• • 

, , 

« a 

0 


26 

1*4 


1-3 

-0-9 

-0*8 

-1*66 

28 

0*45 


0-25 

-1*05 

-2*7 

-1*9 

28 '6 

, . 

• s 

0 

a • 



29 

0 

• s 

a • 

• • 

a • 

• • 

30 

-0*6 

-0-96 

-1 *10 

-1 *36 

-4*9 

-2*2 

32 

-1*6 

-1*0 

-2*66 

-1*66 

• • 

a • 

34 

-.2*5 

-1*0 

-4-33 

-1*67 

• » 

• % 

86 

-3*5 

-1*0 

-6*0 

[ 

-1*67 

0 • 

• • 


MiscihiUty of Lead a/nd Zinc in the Absence of Tin. 

It is worth noticing that four sets of ingots have been examined 
above, with the following results : — 



Heavier alloy. 

Lighter alloy. 


Load. 

Zino. 

Lead. 

Zino. 

Pipe-bowl 

iH 

RTS 

1*10 

98*90 

L^-bath, xmo double the load 



1*08 

98*92 

» sqaal 


RiiB 

1*17 

98*88 

,, lead doable the line 

98*86 

1*14 

1*22 

98*78 

Mean. ... j 

98*76 

1*24 

1*14 

99*86 


These valnes are somewhat lower as regards the zino dissolved hy 
lead, and vice emd, than the fignres gfiven by Matthiessen and 
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V. Bo»a (foe. ciU cupra)^ which lead to the percentages 1-62— 1'79 of 
zinc in heavier alloy, mean s= 1*67; and 1*17 — 1*22 of lead in lighter 
alloy, mean = 1*20. Obviously this arises from the fact that the 
method of working adopted by Matthiessen and v. Bose did not allow 
of so complete a separation taking place as was effected in onr experi- 
ments, as they employed a far shorter time. 

Variedion in mean Composition thT<mgh Oxidation and Volcdilisatwn, 

In melting and mixing togethor the metals employed, it is quite 
impossible to avoid some loss by oxidation, even when a luminous gas 
flame is directed into the crucible so as to maintain a reducing 
atmosphere therein. Moreover, some amount of volatilisation, espe- 
cially of zinc, takes place, owing to prolonged heating at 650 — 750^. 
A number of observations made with mixtures that did not separate 
into two alloys showed that the total quantity of tin in the final ingot 
is but littlo, if at all, less than that originally weighed up ; some lead 
is lost and more zinc, roughly averaging about twice as much as the 
lead. The total amount of loss, however, even after eight hours' 
heating, is not very great ; as a rule, ingots were made for which 
about 80 grams of totol metal were weighed up ; the weight of final 
compound ingot was generally near to 77 grams (excluding mechanical 
losses daring stirring and transference to the clay test-tubes), about 
3 grams representing the loss by oxidation and volatilisation. In a 
few cases a larger amount of oxidation took place, but comparatively 
rai'oly with careful handling. The result of this action is to cause an 
increment in the mean percentage of tin in the mass to the extent of 
something like one twenty-fifth of its value (i.s., a mass originally 
containing 25 per cent, of tin will nltimately contain about 26). 
Simultaneously the ratio of zinc to lead is altered; only to a small 
extent if these metals were originally in the proportion of 2 to 1, 
but relatively more if the zinc Wei'S present to a lesser extent. 

In the foregoing experiments the proportions subsisting between 
zinc, lead, and tin referred to are uniformly those in which the metals 
were weighed np for use, and consequently not quite the same as those 
actually subsisting in the compound ingots finally obtained; those 
latter probably contained zino and lead in ratios near to 2 to 1, 0*96 to 
1, and 0*46 to 1, respectively, on the average. 

Summary of BesuUe. 

When a mixture of lead, tin, and zino in the molten condition is 
well stirred np by mechanical means and then left to itself for some 
hours at as nearly as possible a uniform temperature, a single homo- 
geneouB alloy results if the proportion of tin present is not less than 
three-eighths of the whole: but if materially less tin than ibis is 
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prttBenit tbe mass divides itself into two diSei*eiit ternarj alloys, lead 
predominating in the heavier one and sino in the lighter one. This 
phenomenon is entirely distinct from the segregation of alloys dnring 
solidification, in consequence of formation of enteotic or oil^r differ- 
ently fusible alloys. 

If there is little or no inequality of temperature at different parts 
of the mass, separation by gravitation only is complete in a few hours, 
at any rate when tolerably pure metals are employed; but if the 
mode of heating is such that convection currents are set up, the 
separation is greatly interfered with, and in extreme oases almost 
entirely prevented. 

The heavier alloy is a saturated solution of xino in load containing 
tin, and the lighter one a similar solution of lead in sine containing 
tin. No matter what the relative proportions between lead and zinc 
in the original mass, the two alloys always correspond to two conju- 
gate points on the solubility curves of zinc in lead-tin and of lead in 
zinc-tin. 

But little, if any, difference in tlie way in which a given mass 
divides itself is noticeable, whether the temperature at which the 
molten mass is maintained is below 600** C. or above 700^ 0. 

The tin contained m the mass does not distribute itself equally in 
the two alloys except when present in one particular proportion, 
which varies with the ratio of the zinc to the lead in the entire mass. 
With less tin than this the lighter alloy, and with more the heavier 
one, takes up the higher perceutage of tin. 

Curves drawn representing the tin present in the heavier alloy as 
abscissas, and the (+ or — ) excess of tin in the lighter alloy over 
that in the heavier one as ordixkates, are found to differ with ilie ratio 
of zinc to lead in the entire mass. They always possess the same 
general features, viz., rising from the origin to a maximum elevation, 
then sinking down again to the base line, and croesing it so as to 
become negative; but the position and height of the maximum, the 
crossing point, and the general dimensions of the curve vary with the 
i*atio of zinc to lead in the mass. 

As a result of this, whilst an indefinite number of different mix- 
tures may be prepared, each one of which will give the same heavier 
alloy, the lighter alloy simultaueously formed will be different in each 
case ; and conversely. 

When no tin is present, lead dissolves zinc to such an extent as to 
form an alloy containing 1*24 per cent, of zinc, and zinc dissolves lead 
forming on alloy containing 1*14 per cent, of lead ; the higher values 
found by previous observers being slightly incorrect through imper- 
fect separation. 

Before attempting to theorise on the causes leading to the remark* 
able way in which tin is distributed in these temaxy alloys, we desire 
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to accuxnnlate additional data derived from tbe examination of other 
parallel cases, snoh os the tematy alloys obtained by adding tin to 
the imniisoible pairs of metals, zinc and bismuth, aluminium and 
lead, and aluminium and bismuth ; or by similarly employing other 
metals instead of tin, Nothing abnomal appears to characteriae the 
solubility carves of zinc in lead-tin and of lead in zinc-tin ; in each 
case the amount of one metal dissolved by the other increases as the 
quantity of tin present increases, in such a way that the curves are 
somewhat concave upwards. 


IV. “The Diurnal Variation of Terrestrial Magnetism.’* By 
Abthuh Sohustbr, Professor of Physics, -with an 

Appendix by H. Lamb, F.B.S., Professor of Mathematics, 
Owens College, Manchester. Received March 20, 1889. 

(Abstract.) 

In the year 1839 Gauss published his celebrated Memoir on 
Ten^strial Magnetism, in which the potential on the earth's surface 
was calculated to twenty-four terms of a series of surface harmonics. 
It was proved in this memoir that if the horizontal components of 
magnetic force were known all over the earth the suiface potential 
could be derived without the help of the vertical forces, and it is well 
known now how these latter can be used to separate the terms of the 
potential which depend on internal from those which depend on 
external 6001*008. Nevertheless, Gauss made use of the vei-tical 
forces in his calculations of tlio surface potential, in order to cnsui*e 
a greater degree of accuracy. He assumed for this purpose that 
magnetic matter was distributed through the intorior of the eai*th, 
and mentions the fair agreement between calculated and observi^l 
facta as a justification of his assumption. In the latter port of the 
memoir it was suggested that the same method should be employed 
in the investigation of the regular and secular variations. 

The use of harmonic analysis to separate internal from external 
causes has never been put to a practical test, but it seems to me to 
be specially well adapted to inquiries on the causes of the periodic 
OBcillatious of the magnetic needle. 

If the magnetic effects con be fairly repi*eaented by a single term 
in the series of harmonics as far as the horizontal forces are oon- 
eemed, there should be no doubt as to the location of the disturbing 
cause, for the vertical force should be in the opposite direction if the 
origin is outside from what it should be if the origin is inside the 
earth. As the expression for the potential contains in one case tbe 
distance from the earth’s centre in the numerator, in the other case 
in the denominator, and as the vertical force depends on the diffe- 
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rential coefficient ^ith regard to ibe dietance from the earth to the 
centre, each single term in the series is of opposite sign according to 
the location of the cause ; but what is tme for each single term need 
not be tme for the sum of the series. By a curious combination of 
terms the vertical forces might possibly be of the same sign on 
whichever of the two hypotheses it is calculated. In any case, how* 
ever, the difEeronces between the two results will be of the same 
order of magnitude as the vertical force Hself. If it were then a 
question simply of deciding whether the cause is outside or insidot 
without taking into account a possible combination of both causes, 
the result should not be doubtful, even if we have only an approxi- 
mate knowledge of the vertical forces. 

Two years ago I showed that the leading features of the horisontal 
components for diurnal variation could be approximately represented 
by the surface harmouic of the second degree and first type, and that 
the vertical variation agreed in du*ection and phase with the calcnla* 
tion on the assumption that the seat of the force is outside the earth. 
The agreement seemed to me to be sufficiently good to justify the 
conclusion that the greater part of tlie variation is duo to causes 
outside the earth’s surface. Novei’theless, it seemed advisable to 
enter more fully into the matter, as in the first approximate treat- 
ment of the subject a^number of important questions bad to be left 
untouched, I now publish the results of an investigation which has 
been carried out, as far as the observations at my disposal have 
allowed me to do. My'original conclusions have been fully confirmedi 
and some further information has been obtained, which 1 believe to 
bo of importance. 

T have mode use of the observations taken at Bombay, Lisbon, 
Greenwich, and St. Petersburg. The horizontal components of the 
diurnal variation during the year 1870 were in the first place reduced 
to the some system of coor^nates and to the same units. If we 
remember that experience has shown the diurnal variation to be very 
nearly the same for places in the same latitude, except near the 
magnetic pole, and also that it is symmetrical north and south of the 
equator, we may for a given time of day assume the horisontid 
components known over eight circles of latitude, four of which are 
north and four south of the equator. If we chose the period of the 
year for which the reduction is made to be that corresponding to the 
summer months in the northern hemisphere, we must take the 
variation in the southern hemisphere to he the same as that found 
during the winter months north of the equator. This was done in 
one part of the inquiry ; in the other the mean of the whole year was 
taken, and in that case the same values hold north and south of the 
equator, with the same sign for the force towards geographical north, 
and opposite sign for the force towards the geographical west. 
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From the horisontal components the potential was calculated in 
terms of a series of surface harmonics. It was found that in order 
to represent both the summer and the winter effect with suflBcient 
accuracy thirty-eight terms were necessary. In this calculation the 
vertical forces were not made use of at all. 

Unfortunately we do not possess complete records for the vertical 
force variation during the year 1870, except at Lisbon ; but the type 
of that force is very nearly the same fi'om yeai* to year, varying only 
slightly in amplitude. It is shown that, as far as the conclusions 
drawn in the paper are concerned, an accurate knowledge of the 
amplitude of the vertical force is not required. I have chosen for 
comparison the vertical force of Bombay in the year 1873, and for 
Greenwich in 1882. As regards St. Petersburg, vertical force recoids 
exist for 1870, but they have not been corrected for temperature 
variations of ibo magnet, and are therefore of doubtful importance. 
I have therefore used the St. Petersburg observations for 1878, in 
addition to those for 1870. 

From the potential, as calculated from the horizontal components, 
wo can deduce the vertical force, either on the assumption that the 
variation is due to an outside cause, or that it is duo to an inside 
cause ; and compare the vertical forces thus found with the vertical 
forces as actually observed. 

If we put both into the form 

Tncosn (^— i»), 

wo oan obtain an idea of the agreement as regards amplitude and 
phase for each harmonic term. The following tables give the results 
forn = 1 and n as 2, that is, for the diurnal and the seini-diurual 
variation. 


Table I. 

Observed and calculated Values of the Goeffioients ^ and of Vertical 
Force, when expressed in the form ri cos (^— ^i) + cos 2 ^)i on 

the Buppositiou that the Disturbing Force is inaide the Earth. 


Bombay 

liitbon 

Qteenwich 

St. Petenbtttg, 1870 . 

.. 1878. 

<1. 

/g. 

Calc* 

Ob«. 

Biff. 

Calo. 

Obs. 

Biff. 

h, m. 
28 02 
88 86 
88 06 
81 16 
• • 

h. m. 
11 18 
10 40 

8 48 

8 10 

7 05 

h. m. 
-fll 40 
•fll 68 

-11 67 

- 6 64 

- 0 49 

b. m. 

9 65 
11 48 
11 32 
10 48 

h. m. 

4 23 

5 60 

6 66 

7 06 

6 12 

h. m. 

+ 6 88 
46 68 
46 86 
48 48 
44 86 
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Table IL 

Observed and calculated Values of the Coeffioienth t and when 
expressed in the form, ri008(^— i2)+r3 cos 2 on the supposi- 

tion that the disturbing force is outside the EaHh. 


Bombny 

liubon 

Chwenwich 

St. FeterAburg, 1870 . 
„ 1878. 



Cole. 

Obi. 

Biff. 

1 

Calc. 

Obs. 

Biff. 

h. m. 
11 10 
10 37 
10 03 
a 52 

h. m. 
11 Id 
10 40 

8 42 

3 10 

7 06 

h. m. ' 
-0 03 
-0 03 
+ 1 21 
-t-6 42 1 
-1 47 

i 

h. m. 

3 47 

5 46 

5 38 

4 as 

• « 

h. m. 

4 23 

6 50 

5 66 

7 06 

G 12 

h* m. 
-0 86 
-0 04 
-0 18 
-2 27 
-1 3i 


Table III. 

Observed and calculated Valnes of r| and in the Expression 
ri cos (i— ^i) +^3 cosj /g) for Vertical Force. 


»*i- 




Bombay 

Lisbon 

Oreenwioh 

9t. Petersburg, 1870 . 
„ 1878. 


Calcu- 

lateil 

from 

ineido. 

CaJou- 

latecl 

from 

oUUidd. 

Ob- 

Mrved. 

Calcu- 

lated 

from 

intide 

Calcu- 

lated 

from 

outside. 

Ob- 

terrod. 

286 

144 

48 

171 

132 

35 

491 

346 

176 

833 

277 

168 

808 

269 

6S 

143 

112 

61 

236 

142 

169 

77 ! 

63 

71 

• • 

• • 

30 

• • 

• • 

24 


In Table I the comparison of the observed phases is made with the 
values calculated on the assumption that the disturbing force is 
inside the earth. In Table II the same comparison is made on the 
altemativo hypothesis. There is complete disagreement in Table I 
between the observed and calculated values, and nearly complete 
agreement in Table II. It is seen how both at Lisbon and Bombay 
the time of maximum displacement agrees within three minutes of 
time for the diurnal variation, and at Lisbon within four minutes of 
time also for the semi-diurnal variation. Gonsidering that Lisbon is 
the most important station, not only bn acoonnt of its geographical 
position, but also because the observed vertical forces apply to the 
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Rome year as the oaloulatod onea^ the result is strikingly in favour of 
the ontsido force. The resnliH for Greenwich argue in the siune 
direction. As regards St. Petersburg, the results for 1870 neither 
agree with one nor with the other hypothesis, and it has already been 
mentioned that the observations for 1870 are doubtful, but the resnlts 
for 1878 agree well with the hypothesis of an outside disturbing force. 

Table III given the compaanson for amplitude. It ia seen that the 
observed amplitudoH are throughout smaller than the calcnlatod ones. 
If curves aa*e drawn representing the results of Tables I, II, III, it is 
clearly seen how well the calculated vertical forces agree with the 
observed ones an regards phase, if we assume the cause of the varia* 
tion to be outside. 

If wo then take it as proved that the primary cause of this vario* 
tion comes to ns from outside the earth^s surface, we are led ro 
consider that a varying magnetic potential must cause induced 
currents within the earth, if that body is a sufficiently good con- 
ductor. These induced currentR might be the canse of the apparent 
i*ednction in amplitude. As my colleague, Pi'ofessor Lamb, has given 
considerable attention to the problem of currents in a conducting 
sphere, I consulted him, and he gave me the formnle by means of 
which the induced currentR can bo calculated. Hie investigation is 
given in an appendix to the paper. The result is very interesting. 
If the earth is treated as a conducting sphere, the observed reduction 
in amplitude is accounted for, but that rednetion should be accom- 
panied by a change of phase which is not given by obaervation. We 
con reconcile all facta if we assume, as suggested by Professor Lamb, 
the average conductivity of the outer layers of the earth to be very 
Rmall, so that the redaction in' amplitude is chiefly due to currents 
induced in the inner layers. If the conductivity inside is sufficiently 
latge, a considerable redaction in amplitude would not be aooom- 
panied by a sensible change of phase. We have arrived, therefore, 
at the following result : — 

The imUeal foree$ of the dinmat variation can le ac€<mited fiyr if toe 
assume an outside cause of ike variation^ which induces currents in ike 
tarihf and if the earth's conductivity is yreafer in the lower strata than 
near the surface. 

ProlesRor Balfour Stewart's suggestion that convection currents in 
the atmosphere moving across the lines of the earth's magnetic forces 
ore the causes of the daily variation, gains much in probability by 
this investigation. If the daily variation of the barometer is acoom- 
panied by a horixontal current in the atmosphere similar to the 
tangential motion in waves propagated in shallow canals, and if the 
oondnetivity of the air is sufficiently good, the effects on our magnetic 
needles would be rory similar to those actually observed. The 
diffioulty as to the oonductivily of the air is partly met by the autbov's 
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investigation o£ the behaviour of gsees through whioh eleotrio dis* 
ohai^a are passing. 

It will be interesting to follow out the investigation, espeoiallj 
with a view of examining the influence of sun-spot variation. The 
question of magnetio disturbances is more oomplioated, but as mag- 
netical observatories are being established in many countries, the time 
may not be far distant wbon we shall be able to bring the irregular 
disturbances within the reach of calculation. 

In order to facilitate the necessarily long computations, the author 
makes an appeal to the heads of magnetic observatories to reduce the 
regular variation according to the method adopted by Wild at 
St. Petersburg, or that in use at Greenwich, the two being nearly 
identical. The variations should also be reduced to the geographical 
coordinates, instead of to magnetic coordinates. 

The author acknowledges the help he has received from Mr. William 
Ellis in some of the reductious ; he has also to thank his assistant, 
Mr. A. Stanton, for much labour bestowed on making and checking 
nnmorioal calculations. 


V, “On the Couditious for effective Scour in Drain-pipes of 
Circular Section.” By HfiNET Hennesst, F.R.Sm Professor 
of Applied Mathematics and Mechanism in the Royal 
College of Science for Ireland. Received March 1, 1889. 
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“The Spinal Curvature in an Aboriginal Australian.” By 
D. J. Cunningham, M.D. (Edin. and DubL), Professor of 
Anatomy in the University of Dublin. CommurjicaJfced by 
Sir W. Turner, .F,R.S. Received January 14, — Read Janu- 
ary 24, 1889. 

When the lumbar vertebras of a native Australian, or of aevenJ 
other low raoea of man, are pla^ in apposition, the centra form a 
carved column, with the concavity directed to the front. In other 
words, the bodies of the lumbar vertebras are not nwuldod as in the 
European, but are wedge-shaped in the opposite direction. This con- 
dition can be expressed and contrasted in the different races by 
iomnlaiiag a lumho^vertsbral index. In oalcttlating -this index the 
anterior vertical diameter of the vertebred body is taken aa the etaadavd, 
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Hud as eqnal to 100.* A lumbar vertebra, therefore, with an index of 
100, ma^ be regarded as neutral; it is equally deep in front and 
behind, and can in no way ooutribnte to the fonuation of a carve in 
the antero-postorior direction. A vertebra, on the other hand, with 
an index of 100 +f is shaped in a fashion unfavourable to the forma- 
tion of a curve with the convexity directed forwards ; its posterioi* 
vertical depth is greater than its anterior vortical depth. Again, a 
vertebra with on index of 100 is moulded in a manner favourable 
to the formation of a curve with the convexity looking forwards. It 
is deeper in front than behind. 

In seventy-six Eu]X)pean spines, and in seventeen spines of abori- 
ginal Australians, the average indices obtained for the several lumbar 
vertebrae were as follows : — 


Lnmbo- vertebral Index. 



70 Europeans. 

17 Australians. 

Lumbar vertebra 

I 

100 1 

119-8 

•1 

II 

101 -4 

113 '0 

II 

HI 

97-2 

113 6 

It 

IV 

98-5 

103*9 


V 

81 '6 

90*4 

Lunibo-vertubral index 

95'8 

107*8 


The differenoe brought out by these hgnres is very marked. Indeed, 
in this respect the Europeans and Australians constitute the two 
extremes ; no race shows an index lower than that of the European, 
and no race presents an index higher than that of the Australian. 

In the investigations which I made three years ago into the con- 
stitulion of the lumbar curve in Man and ibe Apes, 1 was very early 
convinced that little could be learned regarding the cliaracter and 
degree of the curve from the lambo-vertebral index. I was led to 
adopt this ooncluBion os the following facts became apparent 

1. In European spines a high index is not unfreqnently associated 
with a high degree of curvature. 

2. In the Chimpanzee, in which the lumbo-vertefaral index is so high 

* ' Cunninghsm Memoir,’ Ko. 8, Boyal Irish iosdemy . — ** Tfie Lumbar Curve 
iu Mod and the Apes," by D, J, Ctmuingliaro, M.D. * Zoologj of the Toyage of 
H.M.8. " Challenger,” Part XLTll.’— Sir Wm. Turner's ** Bepoii on the Human 
8kdetona,Ptetll”^07. 
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nd 117*5, the prominence of the lumbar curve exceeds that found in 
the European spine. 

3. In living Bushuicn the Inmbo-sacral ** enscUure " is much more 
marked than in the European. 

My views upon this point were expressed as follows : — “ From the 
differences exhibited by the lumbo-veriebral index, some might bo 
inclined to argue that the European had assumed the erect attitude 
at a period imteccdcnt to the low races. Such a deduction would be 
altogether untenable. The difference in the form-adaptation of the 
lumbar bodies with rc^fcrenco to the cniwe in a European and in a low 
race can easily bo explained when wo reflect upon the differonco in 
their habits. The European, who leads a life which rarely necessitates 
his forsaking the erect attitude except as an intermittent occui*i*ence, 
and then for short periods, has sacriffeed in the lumbar part of the 
vertebral column flexibility for stability. It is evident that the deeper 
the bodies of the vertebree gt*ow in front the more permanent, st.ible, 
and fixed the lumbar curve will become, and the more restricted will 
be the power of bending forwards at this region of the spine. The 
savage in whose daily life agility and suppleness of body are of so 
great an account, who is frequently called upon to pursue game in a 
prone position, and climb trees in seaivdi of fruit, preserves the 
pithc*coid condition of vertebrae in the lumbar region, and on account 

of this a superior flexibility of the spine must result 

There is no reason to suppose that this condition is associated with a 
smaller degree of curvature in this region.” 

Still in the absence of fresh spines of the lower races, where the 
lumbar iTgion, composed of combined vertebral Isidies and inter- 
vertebral disks, could bo examined, proof positive upon the degree 
and character of the lumbar curve was wnuting. For more tlian three 
years I have made every endeavour to obtain the vertebral colamn 
of a native Australian, Negro, Andaman, or Bushman. Through 
the kindness of my friend Professor T. P. Anderson Stuart, of 
Sydney University, I have at last succeeded in securing the spine of 
an Australian girl, aged sixteen. It was seht in a zinc box, in which 
it was packed with great skill and care. The curvatures were there- 
fore in no way interfered with, and it arrived in a very perfect con- 
dition. The erector muscles had been partially removed, but not to 
such an extent as to produce any material alteration in the flexures. 

The flatness of the dorsal curvature and the strongly marked 
cervical curve were the points in the Australian spine which on 
cursory examination chiefly attracted attention. In other respects it 
was apparently little different from the vertebral ’ column of a 
European. The strong backward bend of the cervical part was 
perhaps the most striking feature. The flexibility of this region of 
the spine and the strength and elasticity of the ligamenta subffava 
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were Tery remarkable, and altogether coufirnied the view which 1 had 
formerly expi'essed upon this point from an examination of the cervical 
neural apines of the native Australian.* 

In order that precise information regarding the oarvntui'es miglit 
be acquired, the spine was thoroughly frozen, and then dividec} in the 
menial plane with a saw. A very successful section was obtained, 
and when the spine was still in the frozen condition, with all its parts 
immovably fixed, a tracing was taken of each cut surface, and the 
intervertebral disks and vertebral bodies were measured. At 
intervals the spine was returned to the freezing mixture, so as to 
keep it thoroughly consolidated until all the details required were 
ascertained. 

In the accompanying woodcut the tracing of the spine section, 
reduced by photography, is ropresonted. Similar tracings taken from 
the spines of an Irish female, aged thirty-five, and a young female 
Chimpanzee, I’educod to a corresponding size, are placed on either side 
of the Australian spine for purposes of comparison. 

The flatness of the dorsal curve in the Australian is very pro- 
nounced, and is more marked than in the Chimpanzee, in which both 
of the primary curvatures (doi-sal and sacral) are notably deficient. 
It further resembles the Chimpanzee in the high degree of cervical 
curvature which it exhibits. 

PointH of Inflexion , — In determining these we have not examined the 
curvature formed by the anterior face of the vertebral column. The true 
curvature of the vertebral column is that of its axis, and it is this that 
we have tested. The central points of the bodies of the vertebrsB and 
of the intervertebi'al disks wore carefully ascertained, and a mean 
curve was drawn through them. In Eurapean spines the point at 
which each curve gives place to that which succeeds it is veiy 
constant, and is not affected, so far as my observations go, by the 
degree of curvature in the different regions. The cervioo-dorsal poaifc 
of inflexion in the European is situated in the disk between the 
second and third dorsal vertebras. The lumbo^dorsal point of inflexion 
in the female is placed in the body of the twelfth dorsal vertebra, but 
in the male it is a little lower down. The lumbar curve gives place to 
the sacral curve at a point in the lumbo-sacral disk. 

In the Anstrolian spine a greater portion of the dorsal column is 
involved in the dorsal curve. Above, this curvature only gives way to 
the cervical convexity in the disk between the first and second dorsal 
vertebras, whilst below it includes the last dorsal vei*tebi:«S as in the 
European male, and the change to the lumbar convexity is effected in 
the dorso-lumbar disk. 

These ore points of comparatively trifling importance. The great 
distinction between the Australian and European spme is found In the 
• ' Journal of Anatomy and Pbyuology/ July, 1886. 
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manner in which ihe lumbar convexity gives place to the sacral con- 
cavity. In the European this takes place in the lumbo-sacral disk of 
cartilage, and is sharp and sudden, forming a very decided angle. In 
the Australian it is so gradual and undecided that in the first Instance 
1 sketched the lumbar curve so as to include the first sacral vertebi*a. 
Snob a curve line, however, falls alxint 1 mm. behind the centra] point 
of the luxnbo-saeiul disk. Tt is best therefore to consider that the 
lumbar curve, as in the European, ends in that disk. But the sacral 
concavity does not begin at once. If the central points of the luinbu- 
sacral disk, the first sacral vertebra, and the first sacral disk be joined, 
it will be found that they He in a straight line, and that the sacral 
concavity only begins in the first sacral disk. The close ashuciatiou 
which is thus established between the first piece of the sacrum and 
the lumbar column is very largely due to tho oblique positiun which is 
assumed by the last lumbar vertebra. This is a striking poculiaritj, 
and constitutes perhaps one of the most charaotonstio features of the 
Australian spine. In my “Cunningham Memoir** I describe a 
European spine, iu which tho first sacral vertebra is actually ineluded 
in the lumbai* curve, hut this was brought about in a cHffei'eut 
manner. It was not due to a shifting of the last lumbar vertebra, 
but to a shifting of the first sacral element which had separated 
itself from its neighbours, and thus become associated with the 
lumbar column. 

A glance at the tracing of the Australian spine is sufficient to show 
that the lumbar column is constructed upon principles which are 
calculated to render it exceedingly flexible and elastic. When we 
look at the corresponding region of the European an impression of 
great stability is convoyed to the mind. 

In the Chimpanzee, the cervico-dorsal point of inflexion, as in tho 
European, is placed in the disk between the second and third dorsal 
vertebra. In the spine figured in fig. 1 the dorsal and lumbar axial 
curves meet in the central point of the twelfth dorsal vertebra, but in 
the other specimens which I have examined, the point of ilemal*Gatiun 
between these curves corresponded to the central point of the inter* 
vertebral disk between tbo twelfth and thirteen ih dorsal vertobrm. 
The flatter dorsal curve of the Australian therefore involves a greater 
length of the vertebral oolumn than the corresponding deeper curve 
in tho Chimpanzee and European. 

But, farther, the lumbar axial curve in tho Chimpanzee involves 
one or two of the sacral vertebra. In the spine of the female Clnm* 
pauzee figured in the text, the first and second sacral vertebra are 
iueluded, but in other specimens examined, only the first saoral 
element falls into the Hue of the lumbar curve. An important grada- 
tion is thus established by the Australian spine, in which the first 
sacral vertebra has just escaped being included in the axial curve of 
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t^e lumbar region, and occupies a place which renders it impossible 
to associate it either with the cnrvo abore or the carve below. 

In the Obimpansee the lirst sacral yortebra is brought into associa- 
tion with the lumbar i^egion by the slight degree of backward iiicH- 
uation of the sacrum; but another factor also conics into play, 
although to a much less extent, and that is the oblique position of 
the last lumbar vertebra. 

Let us examine these thro factors which exercise so marked an 
influence in producing this modifleation of the curvature in the 
Australian and Chimpanzee spines. The sarro- vertebral angle cun 
be tested in a variety of ways, but the most convenient method is to 
prolong the axis lines of the last lumbar and first sacral vertelntD, and 
determine the angle which is formed at the point of intersoctiou. In 
the spines of five European females the average angle thus obtained 
was 137” 40'. But I am inclined to think that in typical ensos the 
angle in question is not so o])en. In the young female flguit^d in tlte 
text, it is only 117” 20' ; whilst in the Australian it was determined 
to be HI”. In the young Chimpanzee, on the other hand, it attains 
a magnitude of 166”. But before coming to a definite decision upon 
this point, it is well to test the matter in another way. This is 
i*cridered necessary by the peculiar position of the last lumbar vertebra 
ill the Australian and also, but to a loss degree, in the Chimpanzee. 
Let us take the axis line of the fourth lumbar vertebra in the human 
spines, and the third lumbar or corresponding vertebra in the Ciiiin. 
panzee, and note the angle which is formed by the intersection of this 
by the axis line of the first sacral vertebm. The angles obtained by 
this method for the three spines figured ai*u : — 

Euroiiean. Australian. Cbimpaiui’e. 

114“ 120" 15(5” 

So far, then, as it is possible to dinw k conclusion from one spine, 
we may say that the sacral obliquity in the Australian is not so 
marked as in the European. At the same time it is right to state 
that 1 have examined individual European spines which exhibited a 
SHcro-vertebrol angle as open if not more so than that of the Aus- 
tralian. In these cases, however, special causes existed for this small 
degree of sacral obliquity. * 

The peculiar position occupied by the last lumbar vertebra in the 
Australian can be rendered evident by ancertainiug the angle which 
is formed by the intersection of its axis line by the axis line of the 
fourth Inmbor vertebra. The following are the angles thus deter- 
ibined 

Kuropeao. Austmlian. 

173* 163" 
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It is this obliqoit/ of the last Inmbar vertebra in the Australian 
which has the effect of ao nearlj placing the first sacral vertebra in 
the line of the axial lumbar curve. 

In IVoglodytea the last lumbar vertebra* is closely associated with 
the sacrum. This constitutes a striking character of the column 
when aeon in mesial section. At first sight the vertebra in question 
appears to belong to the sacrum. The intervertebral disk which 
intervenes is very thin ; indeed, in a youn^ specimen, it is not mucli 
thicker than those interposed between the sacral elementa, and it 
cannot be oomparod for a moment with the thick pads between the 
lumboi* vertebrffi. This intimacy of relationship is still further borne 
out by the examination of tlie macerated skolotoii, because it is 
extremely common to find the last lumbar vertebra either fixed to the 
sacrum by osseous union, or taking on sacral characters by the 
assumption of the characteristic sacral al» or rib elements. Of the 
twelve skeletons of Troglodytes^ in which the lum bo-sacral region is 
mentioned iu the catalogue of the Museum of the Royal College of 
Surgeons in England, sev^n are described as presenting this peuu- 
liarity. 

In the European and in the Australian, the last lumbar vertebra . 
is separated from the sacrum by a thick pad of intervertebral 
substance. NerertheleBs, we occasionally find in the human spine, 
the last lumbar vertebra either fused to the sacrum or developing on 
one or both sides a saoral ala. Professor Kollman, of Ba^, has 
recently exbibitod at the Anatomische OeseHschaft at Wurzburg 
(May, 1888), a series of spaoimens in which the different gradations 
of this anomaly were illustratod.f During the last four or five years 
about seventy-five sacra and last lumliar vertobrie have been ex- 
amined in the macerated state in the Anatomical Department of 
Trinity College. From these 1 have obtained one specimen in which 
the fusion between the last l^umbar and first sacral vertebzm is almost 
oomplete, and throe fifth Inmbar vertebte with a saoral ala developed 
on one or both aides. We have little information on this point in so 
far as the spines of the low races are oonoerned ; but it is somewhat 
significant that in five Australian and in two Andaman skeletons, 
Sir William TurnerJ should have recorded the ocourrence of thi*ee 
fifth lumbar vertebras with^acral aloe developed upon their hunsverse 

• > 

* The vertebml formula being considered ai C7, Dia, L4, S|, O4. 
f Since writing the above, I have received a letter from Profeaeor Kollman upon 
thie subject. He infbnas me that he observed the anomidy in eight out of forty- 
five specunens which he examined. In three cases the assimilation was complete 
on both sides), and in the remaining five it was confined to one side. His 
spsj^ens were all derived from European skeletons. 

Zoology of the Voyage of H.UJS. “ Challenger," Fart XLVII.* '* Report on 
the Hitman Skeletons, Fart II.'* 
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prooeBsea, It is possible, therefore, that the tendency to assume 
sacral characters is more marked in the last lumbar vertebra of the 
Australian than of the European.* 

Lumbar Curve, — A sin^^le glance at the tracing obtained fl^>fn 
the mesial section of the Au8tt*alian spine, and which has been 
reproduced in flg. 1. will be sufiicieni to dissipate any doubt 
that may be remaining regarding tho presence of a lumbar convexity 
in the vertebral column of this race. Not only does it exist, but 
it is present in a very pronounced form. Sir William Turner, who 
has studied tho lumbar vertebrae of several of the low races, has 
endeavoured to arrive at the proper lumbar curvaturo by careful 
articulation of the vertebre. *^Tho u])per border of tlio superior 
articular facet of the vertebra below was placed in tho same trans- 
verse plane as the upper border of the inferior articular facet of the 
vertebra above.* 1^ ^he Australian he was led to believe that alx)vo 
the level of the lower border of the fourth lumbar vertebra the 
lumbar column was faintly concave fomards. At the same time he 
carefully guards himself by iiisistiiig that true and trustworthy 
evtdeuce upon this point can only be acquired by the actual exami- 
qntion of tlie fresh spine. 

A convenient altlumgh a somewhat arbitrary way of dotei mining 
the degree of pi'omineuco in the lumbar region in sectional tracings 
of the spine is to draw a straight line from the anterior extremity 
of the lower surface of the last lumbar vertebra to the anterior end of 
the upper surface of the first lumbar vei*tebra {vide fig. 1). By the 
eye we can readily judge the amount of projection which lies in front 
of this line in the different tracings, but for accurate comparison it is 
advisable to formulate an index. This can be done by taking the 
length of the lumbar column (measured from the centre of the upjwr 
SurEace of the first lumbar vertebra J to the centre of the lower 
surface of the last lumbar vertebra), as the standard and equivalent 
to 100, and then comparing it with the distance between tho inter- 
secting line and the point of gi^eatest pi*ominence. A high index 
will indicate a strongly pronounced curve, and a low index a feeble 
degree of curvature. The indices of the lumbar curve ascertniued in 
this way from the three tracings in fig. 1 are the following : — 

Suropean. Austnliiin. Cliimpansee. 

97 90 lU-p 


* In twelra Aiutndian skeletotiB whtoh I have reoentlj exsroined in the Muienm 
of the Royal College of Suxgeoua, Knglaud, the eondition U only pveaent in one 
epeohneu. * 

f < Zoology of the Voyage of H.M.S. ** Challenger/’ Fart XL VII/ Ac. 
t Tlie vertebra, eorreipotiding to the iln»t lumbar rertobra of Man m the Cfaim- 
pansee, is the tliirteentk dorsol. 
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The European and the Anatralian present to all intents and 
purposes an equal degree of pi^niinonce. The Chimpanzee ezoeods 
thorn both in this respect. It may be well to state that the index 
expressed by the spine of the Eui'opean closely corresponds with what 
I have found to be the average (9*5) for Irish females. On the other 
hand, when we considor the long period required for the full 
development and thorough consolidation of the lumlmr curve in the 
li untan spine, we are forced to admit tltat it is highly improbable that 
the index obtained for the Australian expresses the average degree of 
curvature for that race. The girl from which it was taken was said 
to be sixteen years old, and the condition of the epiphyses, &c., 
alToi-ded abundant evidence that the age had not been overstated. 
Now Balandin,* who has examined the vertebral column in different 
subjects at the tenth, twelfth, sixteenth, and tw'cntieth year, assures 
iiH that in none of i lu^se has he found consolidation of the lumbar 
curve. He considers that it does not become absolutely stable until 
adult life. Unfortunately we do not possess a sufficient number of 
tiacings of mesial sections of the young spine to come to a decided 
opinion upon this point; but in the beautiful drawing which is given 
by Dr. Syiningtonf of such a scctiou of a girl, aged thii*teen, the 
lumbar curve is very feebly marked. 1 am inclined to consider, 
therefore, that further investigation will probably show that the 
carve index of the Austmlian girl is slightly below the adult 
standard. The investigations which I carried out upon living Bush- 
men, and which are recorded in my Cunningham Memoir,'* certainly 
seemed to indicate that in that race, at any rate, the lumbar curve in 
the erect attitude is in excess of what we find in the European. Of 
course the greater flexibility which I bedieve the spines of the black 
races possess would tend to exaggei-ate the curve in the standing 
posture, and at the same time produce the opposite effect when the 
spine was relieved from its superincumbent bui'deii. 

In tlie Australian spine the point of greatest prejeotion in front of 
the intersecting lino which we have used to determine the degree of 
lumbar prominence is the anterior border of the upper surface of the 
fourth lumbar veciebra. This corresponds with what wo find in the 
European male, but in the European female the most projecting point 
is placed higher, atid is formed by the anterior border of the lower 
sniiace of the third lumbar vertebra. But the true summit of the 
lumbar curve is the point of maximum axial curvature, and in the 
Australian this is situated in the centre of the fourth lumbar vertebra. 
Again this is identical with what we observe in the European male, 

* ** Befll^e Uber die Entstehung der ph^reiologiichen Krffmmung der WirboliAule 
beiin yirohow*i ' Arohiv ftir Patholog. Anot. und Phyuol.,’ vol. fi7, 

t * The Anatomy of the Child/ Edinburgh. 
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but in the European female the summit of the axial cnrye is placed in 
the disk, between the third and fourth lumbar vertebras. 

In two particulars, then, the Australian spine resembles the vertebral 
column of a European male more than that of a Euiopean female, 
viz., in the point of maximum curvaturti in the lutiibni' region, and in 
the fact that the curvature doen not include the last dorsal vortcbi'a. 
The youth of the girl fiMm which it was taken may account for these 
peculiarities ; the spine may not have had time to acq 1111*0 its special 
sexual characters, or its full degree of lunilmr curvature. 

It is self-evident that when a curve is established in a region where 
the vertebral bodies are not moulded in accordance witli it, the pro- 
duction of the curvature must be due to the shape of tlie intei'vor- 
tebral disks. The difTereuco in height between the anteiior and 
posterior surfaces of the European lumbar vortebiw (with the excep- 
tion of the fifth) is so slight that it cun have little influence in dotev- 
inining the curve in this region. The diiferoneo is to be regai'ded as 
the consequence and not as the cause of the curve. Tlie lumbar con- 
vexity is mainly produced by the intorvoHebral disks, and when Me 
reflect upon the manner in which the curvature is called into existence,* 
we can readily understand why this should be so. In the Australian 
spiue the lumbar pmniiiienco is prodncod entirely by the interverte- 
bral disks. The veriebi*al bodies, with the single exception of the 
fifth, are fashioned in a manner unfavourable to the pi’oductiou of a 
curve of which the convexity is directed forwards. 

The table (pp. 498-9) gives the proportions and indices of tho lumbar 
vertebra and intervertebml disks in tho Australian and European 
H])inos figured in tho text, and also for pui poses of couipariKOii (he 
indices of the same parts in four additional European spines. 

The index of the lumbar vertebr® in the Australian girl (101*4) is 
low when wo consiilcr that for this race tho average index is 107*8. 
But this average has been largely obtained from males, and there is 
every raason to believe that the index of the female is very consider- 
ably below this, Tho four female Australian spines which I measured 
when preparing my “ Cunningham Memoir,” gave an avemgo liinibo- 
Tortebral index of lO^M, and of these one had an index of 100*9, and 
another an index so low as 96*7. To all intents and purposes, there- 
fore, the bodies of the lumbar vertebra) in the spine of the Australian 
girl are neutral in so far as the pitiduction of a lumbar curve is con- 
cerned. Tho intervertebral disks ai*© the parts which determine the 
curvatui^i and in conformity with this they present the low index 
of 49*5. A very special featuro in this spine is the small amount of 
depth exhibited by the lumber disks posteriorly. Tt is a character 
which at once appeals to the eye when the tracing of tho mesial 
section is examined. Tho two disks which contribute most largely 
• ‘ Cunningham Memoir,* So. 2, Roj Irish Acad., p. 78. 
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IndioeH of the Yortebrol Bodies and Intervertebral Disks of the 
Lumbar Column. 



Bufopean Spine (fig. 1). 
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Four Irinh Spines (two Males and two Females). 


Vertebral bodies. 

Index. 

IntervArtebral disks. 

Index. 

I 

107-7 

I 


n 

100 ‘5 

II 


in 

95*2 

Ill 

68*0 

IV 

94*4 

IV 

78*2 

V 

83*7 

V 

37-0 





9G*3 

66*6 


In this table the indices of the intorrertebral disks have been calculated in tlio 
snme manner as those of the rcrtebral bodies. The anterior vertical depth in each 
case has been taken as the standard, and equal to 100. By multiplying the poste- 
rior vortical diameter by 100 and dividing the result by the anterior verticKll 
diameter, the indioes have been arrived at. 

to the curve are the fourth and fifth. The indices of those are 28‘6 
and 38‘4 respectively. 

The Earopoan spine which we have selected for comparison with 
the Australian spine also presents a somewhat low Inmbo-vertehrsl 
index, viz., 91*0. The intervertebral index is consequently higher 


Fig. 2. 
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than \% nsually the case. Ferhapa the average which in given in the 
table for the four liiah apinoa more nearly expreaaea the relative aim re 
taken by vertebral bodiea and intervertebral diaka in the production 
of the curve. In theae the average lumbo-vertebral index ia DC'*! 
and the average intervertebral index 65*0. 

In analysing the eompoaition of the axial curve in the Inmlvir 
region of the Australian spine, I have had the advantage of the advice 
and assiatance of my friend and colleague Profeaaor Alexander, of the 
Engineering School in Trinity College, Dublin. The drawings which 
illustrate this point were executed by him. The axial lumbar curve 
was found to be composed of the segments of throe circles. Tima the 
portion of the curve which traverses the central points of the fifth 
luniluir vertebra and of the disk immediately above and below it, (jon- 
Btitntes one arc; the central points of the third and fourth lumbar 
vertebrae, and of the third and fourth intervertebral disks, are traversed 
by the arc of a second and larger circle; whilst the line passiiig 
through the central points of the dorso-lnmbar disk and of the first, 
aeoond, and third lumbar vertebne with the intervening disks, fortim 
the segment of a third and still larger circle. Segments of three 
circles can also be detected in the axial lumbar curve of the European, 
but the parts entering inU> the formation of tlieso are different. The 
fourth and fifth lumbar vertobrea with the fourth and fifth disks are 
ranged in the arc of the lowest and smallest circle; the second, third, 
and fourth lumbar vertebrae with the two intervening disks, constitute 
the segment of another circle ; whilst the twelfth dorsal vertebra and 
the first and second lumbar vortebraD, with the interposed disks, foiiu 
the segment of a third circle. 

As 1 have explained in my “ Cunningham Memoir,” where I hare 
entered somewhat fully into this point, the composition of the differ- 
ent arcs of the axial curve ia one into which many fallacies may 
creep. Slight inaccuracies in the tracing or a deviation from the 
mesial piano in sawing the spine will tend to vitiate the results. 

The radii of the three arcs which build up the axial lumbar curve 
present very different lengths* In the lower part of the lumbar 
column of the Australian the bend is much sharper and more sudden 
than in the European. This is rendered evident when the radii of 
the two lowest arcs are compared with each other. Again, the 
highest segment in the European shows very little deviation from a 
straight line,; It preseDis a radius more than twice the length of the 
highest segment in the Australian spine. In the European the 
lumbar curve ia more uniform and gradual throughout. The lengths 
of the radii of the different ares of the two spines wero ascertained to 
be as follows 
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Australian. 

Suropenn. 

Lowest arc 

21 m. 

r>) III. 

IntermofliH^e an* 

104 „ ! 

lol 

Highest arc 

2t .. 

58 „ 


Tho i)iicrp 08 ition of a pieoo boi^een tlio lumbar and sacral 

curves of iho Australian spiuc is well seen in fi^. 2. It certainly 
offers in this rcHpcct a marked contrast to the Europonn, in which 
the sacral curve brcaka.off at once from the lumbar curve. 

lielaiive Lengths of the differeid Regions of thv Vertebral Column of 
the Australian. — Aeby* has called attention to the fact that in the two 
sexes, and at different peri«)ds of life, remarkable differences are 
found in the relative lengths of the different regions of the vertebral 
column. Tho method which wo have ail opted for asceilaining tho 
degree and quality of the spinal curvature nffords us at the same 
time a very accurate means of comparing the Austiulinn with the 
European from this point of view. Tho measuroments were made 
along the fore surface of the spine, and the results obtained showeil 
that the Australian spine corresponds in this respect in tho closest 
manner with the vertebral column of the adult European female. Its 
total length from tho base of tho sacrum to the tip of the odontoid 
process was '526 mm. Tho cervical region measured 112 mm., the 
dorsal region 241 mm., and the lumbar region 1^3 mm. 

In order that we may compare tho relative length of each of these 
regions with what we find in the European, let uh regard the fore 
surface of the movable column as being equal to 100. The following 
table shows the close similarity which exists in tliis respect between 
the Australian girl and the adult European female ; — 


Fore Surface of Spine from tip of Odontoid Process to Base of 
Sacrum = 100. 


• 

Aiistratian girl, 
aged 16. 

Average of five atiult 
European femaloe. 
ipines measurod in the 
froien cunditiou. 

16 ^ ears old girl 
(Kunipi'an). 
(Aoeoiditig to 
Aebv.) 

Cervical region .... 

21-3 

21-6 

1 

21 '6 

Doraol region 

43*8 

43 -S 1 

46*9 

Lumbar region 

82 -9 

32 3 j 

81 ‘6 


* Die AltsnrersobiedenhMteii der menishlicheii WirboliXula." * Aichiv fftr 
Anst. und Batwiok.* 1979* 
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In the above table, I have also introdaoed the pmportions which 
Achy ^iyoR for the sixteen-year-old gprl. It is cnrions that the Ads- 
t.raliaii girl should approximate more .nearly the adult European 
female. 

Proportion of Bone and Cartilage in the Lumbar JRegion of the Spine, 
— When the tracings which arc roproducod in fig. 1 are closely 
examined, it becomes apparent that in the lumbar region the constituent 
elements, viz,, the bones and the intervertebral disks, are not present 
in corresponding proportions in the different spines. The vertical 
diameters of the bodies of the lumbar vertebne differ very appre- 
ciably in the three spines, and with this there is a difference in the 
thickness of the intervertebral disks. In order that we may the 
more essily contmst the spines from this point of view, I have 
formulated an index which may be termed the lumbar 

index. In calculating this, the sagittal diameter measured from 
the centre of the posterior face to the centre of the anterior face 
of the vertebral body is taken as the standard and equal to 100. 
The proportion between this diameter and the vertical diameter, 
measured from the centre of the upper surface to the centre of the 
lower surface of the vertebral body, can thus be readily expressed. 
A high index will indicate a long vertebral body ; a low index, on 
the other hand, will indicate a short vertebral ^dy. In the table 
which follows I have introduced the Baboon, Macaque, and Orang, 
with the view of enabling us to decide whether or not the difference 
exhibited in the sagitto-vertical lumbar index of the European, 
Australian, and Chimpanzee is one from which any important deduc- 
tion may bo drawn. 

Two points are rendered very manifest by the above figures, viz., 
(1), that there is a rapid and decided increase in the length of the 
lumbar vertebral bodies as we pass from the European, through the 
Australian, Chimpanzee, and Baboon to the Macaque ; and (2), that 
as the bones elongate the cartilaginous disks become shortened. 

The difference in relative length of the lumbar vertebne in the 
Enropean and Australian is very marked, the sagitto-vortical index of 
the former being 80'9, and of tbo latter 87*0. It must be borne in 
mind, however, that I have only had an opportunity of examining 
the one Australian.* Again, it is remarkable that the Orang in the 
l^light of its vertebrsB should show such a decided deviation from 
^er Apes, and approach so closely to Man. A mesial section through 
the Orang renders this character apparent to the eye.f 

In estimating the verlical depth of both vertebral bodies and inter- 

* There are striking eesiial differeneeft in this reepeci. In the male, the bodies 
of the rertebrs are more compressed. Sight ^eletons of female Andaman lilanden 
• adbrded a segitto-vertioal Inmhar index of 90*4 

t * CuDDingham Memoir,' No. 2, Plate III, Boyal Iririi Aoademy. 
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vertebral disIcB, tbe measurements were made along tbe axial lino of 
the oolumn. The spines were divided in the mesial plane when 
thoroughly frozen, so that there was no reduction in the depth of the 
cartilaginous disks through the bulging out of their central soft 
portions. In the European we find the largest proportion of carti- 
lage in the construction of tho lumlmr region. In four female spines 
the average was found to be 35' 7 per cent, cartilage to 64*3 per cent, 
bone.* In the Australiaii the amount of cartilage is reduced in con- 
formity with the lengthoning of the vertebral bodies ; the proportion 
is 30*6 per cent, cartilage to 69*4 per cent. bone. In the Apes, a still 
further reduction in the amount of cartilage is manifested ; even in 
the Orang with vertebra) proportionally as short as those of a 
European, the amount of cartilage in the lumbar pai*t of the spine is 
relatively much less, viz., in the European 35*7 per cent., and in the 
Orang 27 por cent. In tho Chimpanzee, the marked fall in the 
amount of cartilago is in a measure due to the oxtremoly thin disk 
which intervenes between the last lumbar vertebra and the base of 
the sacrum. 

In the erect attitude of Man the greater amount of cartilage lessens 
the shocks transmitted upwai*ds through the column. In the prone 
or somi-proue position of the trunk the same provision is not so 
necessaty. 


“The Principles of training Rivers tbrongh Tidal Estuaries, 
as illustrated by Investigations into the Methods of 
improving the Navigation Channels of the Estuary of tlie 
Seine/' By Leveson Francis Vebnok-Haroourt, M.A., 
M.In8t.C.E. Communicated by A. G. Vernon-Harooust, 
F.B.S. Received January 19, — Read February 7, 1889. 

(Plates 2—4.) 

The conditions affecting the training of rivers in the non-tidal 
poi-tions of their course by jetties, or rubble embankments designated 
as training walls, are well understood. Training walls substitute a 
straightened uniform channel for irregularities and varying widths, 
improving the flow of the current and rendering it uniform, so that 
scour occurs in the shallow, narrowed portions, and more uniformity 

* A«by giTM the proportion of hone and cartilage in the different rrgionB of tho 
European spine at different ages, but as he measured Ihe^onf atpect only of the 
Tertebra and disks, his results cannot be compared with tlie aboTO. In front and 
'"liehmd the rertu-al diameters of the disks and vertebral bodies are modified by the 
spinal ourvatures. To obtain the most aoeurate information regarding the relaitive 
proportion of bone and cartilage in a region, the different ebments should un- 
doubtedly be measured along the axial our? e. 
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of depth is attained. In very winding rirers, the additional precaution 
has to be taken of somewhat redacing the width where the deepest 
channel shifts over from the concave bank on one side to the concave 
bank on the opposite side at the next bend lower down, so as to reduce 
the shoal which is found near the point of contrary flexure by con- 
centrating the current at this place. 

The training of the outlets of sediment-bearing rirors into tidoless 
seas is determined by the same principles; for a definite discharge is 
directed and concentrated between training walls or piers, so as to 
scour a channel across the bar formed, in front of the outlet, by the 
accumulation of deposit dropped by tbe enfeebled issuing onrrent. 
The increased velocity of the current through the contracted outlet 
carries the silt into deeper water, where it is either borne away by 
any littoral current, or again forma a bar, after a lapse of time 
depending on the depth, which can be i*emoved by an extension of tlie 
training works. 

The training also of the upper part of the tidal portion of rivers 
has been effected on similar principles to tbo non-tidal portion, with 
satisfaotoiy results, even though the problem is, in this case, com- 
plicated by the changes in the direction of the current, and the 
requisite maintenance of the tidal capacity. 

In the lower parts, however, of tidal rivers, where the tidal flow 
predominates, it is difficult to determine tbe proper width for a trained 
channel, which, whilst narrow enough to secure an adequate depth, 
should not veiy materially check tbe tidal flow to the detriment of 
the outlet. Moreover, where the estuary is large, considerable doubt 
may exist as to tbe best direction for the training walls ; and the 
establishment of training walls in a wide estuary, where the flood tide 
is charged with silt, has resulted in extensive accretions,* and oorre- 
sponding reduction of tidal capacity, by tbe concentration of the tidal 
flow and ebb in the trained channel, and a consequent enfeeblemont 
of the ourronts at the sides, favouring deposit. The principles, 
indeed, upon which tbe training of tidal rivers should be baaed, are in 
a very undefined and unsatisfactory condition, as exemplified by the 
oonflioting opinions of engineers whenever important training works 
through estuaries are proposed, as exhibited with reference to the 
schemes for training works in the upper estuary of the Mersey ,t for 
which the Manchester Ship Canal promoters sought powers in 1883 
and 1884, and as at present exist about the extension of the training 
works in the Bibble estuary. { This is due to the various conditions 

* * Instlt. Cir. Bngin. Proo.,' rel. 84, pp. 246 and 296, and Plates 4 oiid 5. 

t Kvidenoe before Select Committees of Lords and Commons on the Manchester* 
Ship Canal BUb, Sessbns 1888 and 1884, and * lostit. Cir. Bngia. Proo.,* vol. 84 , 
p. 809, ag. 7. 

t * Instlt. Civ* Bngin. pvoc./ vol. SB, p. 200, fig. 1. 
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involved, whioK differ more or less in each case, and thna render it 
difficnlt to lay down general rales for guidance from arguments based 
on analogy. • One of the most important considerations is the form of 
the estuary ; and in this respect no two estuaries are alike, as their 
form is tho result of complex geological and hydrological conditions ; 
and it suffices to contrast the Meraoy and tho Kibble, the Dee and the 
Tay, the Clyde and the Tees, the Seine and the Loire, to indicate the 
varieties of forms which may Imvo to bo dealt with. Other circum- 
stances affecting the problem are the rise of tide, the tidal capacity 
and general depth, the fresh-water discharge, tho silt introduced by 
tho flood tide or brought down by the river, the condition of the sea 
bottom in front of tho mouth, and the direction in which the tidal 
current enters the estuary. Tho positions also of ports established at 
the sides of estuaries require special consideration in determining 
the pi*oper line for a trained channel. These numerous and variable 
conditions have often led engineers to enunciate the opinion that each 
river must bo considered independently by itself. This view, how- 
ever, if strictly adhered to, by excluding the experience derived from 
previous works, would prevent any progress in tho determination of 
general principles for the improvement of navigation channels through 
estuaries; each training work would form an independent scheme, 
bised upon no previous experience, and might or might not produce 
the i-esults anticipated by its designer. Unfortunately also it is im- 
possible to proceed with training works by the method of trial and 
error ; for besides the cost of modifying the lines of training walls, 
if the desired results are not produced, these works generally effect 
such extensive changes in an estuary, that it would be impracticable 
to restore the original conditions, or to modify materially the altered 
position. 

It might bo possible to deduce general rules for training works 
frc»m a careful consideration of a variety of |.ypes of estuaries, espe- 
cially those in which training works have been carried out ; and I 
have commenced an investigation of this kind. This method of in- 
quiry, however, requires a variety of data which it is difficult to obtain 
for most estuaries, and must depend upon a careful estimate of the 
relative influence of each of the variable conditions, and a train of 
reasoning from analogy which might not be accepted by engineers as 
conclusive. Accordingly, it would be of the very highest value to 
river engineers, and of considerable interest from a soientifio point of 
view, if a method of investigation could be devised, which might be 
applied to thp special conditions of any estuary, and the results of any 
. scheme of training works determined approximately beforehand, in 
a manner which oould be relied upon from the f^t of their depending 
on an assimilation to the actual oonditions of the case inv^tigated, 
not on arguments based upon the elFocts of similar works under 
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more or lees different conditions. The following description is there** 
fore given of the results of investigations, carried on at inter\*alB 
during more than two yeara^ with reterenco to the proposed extensions 
of the train iT]^ works in the Seine estuary, which appear to afford a 
fair assurance that a similar method, applied to any estuaiy, would 
indicate the effect of any scheme of training works, provided the 
special conditions of the estuary were known. 

Inveaiigatiom about ike Seine Estuary. 

The training works in the lower portion of the tulal Seine, com- 
menced ill 1848, hud reached Berviilo in 1870, when the works weiv 
stopped, in the interests of the port of Havre, on account of the lai*gc 
unexpected accretions which ware taking place behind the training 
walls, aud at the sides of the wide estuary below them.* The original 
scheme, proposed in 1845 by M. Bouuiceau,t comprised the extension 
of the trained channel to Honfleur on the southern side of the estuary, 
and the prolongation of one or both of the training walls towards 
Havre ut the north-western extremity of the estuary, os in any 
scheme, the intei^sts of both these ports^ on opposite sides of the 
estuary, have to be considered. The works ate acknowledged to be 
incomplete; aud great interest has been evinced, particularly within 
the last few years, in the queution of their extension, so that the 
shifting channel between Bcrville and the sea may bo trained and 
deepened, and the access to Honfleur improved, without endangering 
the approaches to Havre. The objects desired are distinctly defined ; 
but the moans for attaining them have formed the subject of sach a 
variety of schemes, that liardly any part of the estuary below Berville 
has not been traversed by some proposed tiwined channel, except the 
portion lying north of a line between Hoc and Tancarville points, 
which is t<M> far removed from HouSeur to bo admissible for any 
scheme. Altogether, including distinct modificatious, fuu rtceu soheiuifs 
have been publislied in France within my knowledge, seven of them 
having appeared within the last five years. The scliemes also exhibit 
great varieties in tbeir general design ^ (Plate 2, figs. 1 aud 3 ; Plate 3, 
figs. 1 and 2 ; and Plate 4, fig. 1), illustrating very forcibly the great 
uncertainty whioli exists, even in a special case where the conditiona 
have been long studied, ns to the principles which should be followed in 
designing training works, It is evident that no reasoning from analogy 
could prevail amongst such very conAioting views and having had the 
subject under oonsid oration for a long time, the idea occurred to me in 
August, 1886, of attempting the solution of this very difficult problaxti 
by an experimental method, which might also throw light upon general^ 

* * Initit, Civ. Eugm. Fioo.,' vol. 84, p. 241, and Plates 4 and 

t * Etude lur la Mavigatiou dee BiTi^ret 4 Morses,' M, Bounieeau, p. 1&2, Plate i 

i * insUt, Civ. Eugin. Froe^ vol. 8^ p* 247, and PUU 4, fig. 9. 
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principles for guidance in training rirers through estuaries. The 
estuarj of the Seine is in some rospeots peculiar! j well adapted for 
sncli an investigation, for old charts exhibit the state of the river 
before the training works were commenced, and recent charts indicate 
the changes which the tmining walls have produced, whilst the 
various designs for the completion of the works, proposed by ex- 
perienced engineers, afford an intei'esting basis for experimental 
inquiries into the principles of training works in estuaries. If, in the 
firat place, it should be possible to reproduce in a model the shifting 
channels of the Seine estuary as they formerly existed, and next, after 
inserting the training walls in the model as they now exist in the 
estuary, the effects produced by these works could be reproduced on a 
small scale, it appeared reasonable to assume that the introduction, 
successively, in tho model of the various lines proposed for the exten- 
sion of the training walls would produce rosulls in the model fairly 
resembling the effects which the works, if carried out, would actually 
produce. 

When tho third Manchester Ship Canal Bill was being considered 
by Parliament in 1885, Professor Osboime Heynolds constructed a 
working model of the portion of tlie Mersey estuary above Liverpool 
on behalf of the promoters of the canal, with the object of showing 
that no changes would be produced in the main channels of the estuary 
by the canal works which had been designed to modify very slightly 
tho line of the Choshiro shore above Eastham. This model was, 1 
believe, the first experimental investigation on an estuary by arttfl* 
cially producing the tidal action of flood and ebb on a small scale ; 
and Professor Reynolds* experiment showed that a remarkably close 
resemblance to the main tidal channels in the inner estuary could be 
produced on a small scale. 

As the Mersey model did not extend into Liverpool Bay, the tidal 
action produced was very definitely directed along the confined 
channel representing the “ Narrows ” between Liverpool and Birken- 
head ; and this tidal flow was not perceptibly infiuenood by the rela- 
tively very small fresh-water discharge. In the Seine, however, there 
is no nan*ow inlet channel to adjust exactly the sot of the flood tide into 
the estuary ; and the large fresh- water discharge of the Seine, with a 
basin about eighteen times larger than the Mersey basin, forms an 
important factor in the result. Tlie tide in a model of the Seine has 
to be produced in the open bay outside the estuary at a suitable angle 
which had to be determined ; and it was essential for the saccess of 
the Seine experiments that accretion should be produced in the model 
of the Seine estuary under certain oirenmstanues, which was a con- 
\ dition which did not enter into the Mersey problem. Accordingly, 
the very interesting and valuable results obtained by Professor 
Reynolds, in his model of the Mersey, ooold afford no assuranoe that 
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experitaenta involving eisaontiallj different and novel oonditions would 
lead to any satisfaotory results. 1 therefore restricted the require* 
ments for my experiments within the smallest possible limits, and 
contented myself with the simplest moans, and the limited space 
available in my office at Westminster. 

Dascription of Model of tJt^ Seine JSetuary, — The model represent- 
ing the tidal portion of the Kiver Seine and the adjacent coast of 
Calvados, extending from Liartot, the lowest weir ou the Seine, down 
to about Dives, to the south-west of Trouvillo, was moulded in Port- 
land cement by my assistant, Mr. Edward Biandoll, to the scales of 
TirimF hori/iontal and vertical. The iirst is the scale of some of 
the more recent published charts of the Seine — and oven at that 
scale the model is nearly 9 feet long ; whilst I made the vertical 
scale one hundred times the horizontal, os the fall of the bed of the 
tidal Seme is very slight, and the rise of spring tides at the mouth, 
being 23 feet 7 inches, amounted to an elevation of the water in the 
model of only O' 71 inch. There are two banks at the mouth of the 
estuary, between Havre and Villorville Point, known as the Amfard 
and liatior banks, which emerge between half-tide and low water, and 
divide the entrance to the estuary into three channels. Through all 
the changes in the navigable channel at the outlet, these banks always 
appear in some form or other in the low-water charts, either connected 
with the sandbanks inside the estuary, or detached. On examining 
the largo chart drawn from the survey made by M. Germain in 1880, 
1 found that rook and gravel cropped up to the surface over a certain 
area on those banks, and accordingly 1 introduced solid mounds at 
these places to represent tho hard portions of the Amfard and Ratier 
banks, which are permanent features in the estuary. As a rocky 
bottom is found near Havre, and also at Villorville Point on the oppo- 
site side of the outlet, Amfard and Ratier banks are doubtless the 
remains of a rooky barrier which in remote ages stretched right 
across the present mouth of the river. Where the rocky bottom lies 
bare near Havre and Villorville, the model was moulded to the exact 
depths shown on the chart of 1880 1 but in other places the cement 
bottom was merely kept well below the greatest depth the channel 
had attained at each place, whilst the actual bed of tho estuary in the 
model was formed by the flow of water over a layer of sand. 

Arrangements for Tidal and Freah-water Flow^ — Tlie mouth of the 
Seine estuaiy faces west ; but the tidal wave comes in from tho north- 
west, and the earliest and strongest flood tide flows through the 
northern channel between Havre and the Amfard bank ; whilst the 
influx through the southern Vilierville channel occurs later, and is 
stronger towards high water. Accordingly, the tidal flow had to bo 
introdooed from a northerly direction, at an angle to the month of the 
estuary ; and the line of junction of the hinged tray, producing the 
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tidal rise and fall, was made at an angle of about 50° to a line running 
from cast to west in the model, so that the tidal flow approached the 
estuary from a point only about 5“ to the west of north-west. The 
tray was made of zinc, enclosed by strips on three sides to the height 
of the sides of the estuary ; and it was hinged to the model, at its 
open end, by a strip of india-rubber sheeting along the bottom and 
sides, so as to make a water-tight joint with sufficient play at the sides 
to admit of tho tray being tipped up and down from its outer end. 
The rise and fall of the tray was efl'eoted by the screw of a letter 
press, from which the lower portion had been detached, by inising and 
lowering the upper plate of the press, half of which was inserted 
under the tray. After the requisite amount of* sand had been intro- 
duced to raise the bottom to the average level, the model was filleil 
with just enough water for the surface of tho water to represent low 
water of spring tides when the titiy was down and tho screw at its 
lowest limit ; and the tray was made of such a size tliat, when the 
screw was raised to its full extent, the water in tho model was raised, 
by tho tipping of the tray, to the level representing high water of 
spring tides. The water representing the fresh- water discharge of 
the Seine was admitted into the upper end of tho model from a tap 
in a small tin ciatem ; and the efllux of a similar quantity of water 
was provided for at the lower extremity of the estuaiy, on its northern 
side near the tray, by acock with a larger oriflee placed at such a level 
as to allow the water to flow out into a second cistern, of similar size, 
daring the higher half of the tide. 

Fird Results of Working the Modeh — The construction of the model 
was commenced in October, 1886, and its working was commenced in 
November. Though the Portland cement was convenient for mould- 
ing in a small space and in the absence of appliances, it did not prove 
batisfaotory fur retaining water at first. The model was purposely 
made in two halves, and tho straight joint was subsequently made 
water-tight; but, ueveriheloss, cracks occurred at various places 
through which the water leaked, and they had to bo repaired as they 
appeared ; and the bottom of the model was eventually coated with 
thick varnish, and after a time the leaks ceased. The flexible india* 
rubber hinge, from which I had anticipated some trouble, leaked very 
little fiorn tlie beginning, and on being fitted with greater care in 
introducing a tray of somewhat different form, no leakage occurred. 

Silver sand wax used in the first instance for forming the bed of the 
estuary. From the outset, the bore at Caudebec, indicated by a 
sudden rise of the water, and the reverse current just before high 
water near Havre, called the **verhaule” were very well marked. 
The verhaule is evidently a sort of back eddy, on the northern 
shore, oocaaioned by the influx of the tide, and by the final filling of 
the estuary from tiie southern chaunel ; whilst the bore appears to 



FtindpUi of training ISioers through THal Estuartea^ 511 

result from tlie oonoentration of the tidal rise by the sadden contrac- 
tion of the estaary aboTe Quillebeut. The period given to each tide 
in working was about 25 seconds, which appeared fairly to reproduce 
the conditions of the estnary.* After the model had hemi worked for 
a little time, tl\e channels near Qaillebenf osBumed linen resembling 
those which previously existed ; and a small channel appeared on the 
northern shore, by Harfiear and Hoc Point, which is clearly defined 
in the chart of 1834. The main channel also shifted aboat in the * 
estuary, and tended to break up into two or three shallow channels 
near the meridian of Borville, where the inflnences of the Hood and 
ebb tides were nearly balanced. The model, accordingly, fairly rcpi’o- 
dneod the conditions of the actual estuary previous to the commence- 
of the training walls; though the channel in the estuary did not 
attain the depth, as represented by the proportionately lai-go vertical 
scale, which the old channels possessed, owing, doubtless, to the com- 
paratively small scouring inflnenco which the minute currents in the 
model possess. The sand, in fact, cannot be reduced to a fineness 
corresponding to the scale of the model, whilst the friction on the 
bed is not diminished equivalently to the reduction in volume of the 
current. Silver sand had been used on account of its being readily 
obtained, its parity, and absence of cohesion, as it was hoped that the 
water, by percolating freely through it, would more readily shift it. 
A film, however, seemed by degrees to form over its surface, reducing 
oonsideiably its mobility ; and as the action of the water on it con- 
sisted merely in rolling the particles along the bottom, this sand did 
not prove satisfactory for producing the requisite changes when the 
training walls were inserted in the model. It became, therefore, 
essential to search for a substance which the water could to some 
extenfacarry in suspension for a short period. 

Trial of Various Svhstances for Forming the Bed of the Estuary — 
Some substance was required, not necessarily sand, insoinble in water, 
easily scoured, and therefore not pasty or sticky, and sufficiently fine 
or light to be carried in Buspension to some extent by the currents in 
the model, and not merely rolled along the bottom like tlie silver sand. 
A variety of substanoes of low specific gravity, and in powdei*ed form, 
were accordingly tried in succession during the first half of 1887. 
Pumice in powder proved too sticky ; and flower of sulphur was too 
greasy to be easily immersed in water. Pounded coke was too dirty 
to be suitable, and partioles of it floated. Violet-powder became too 
pasty in water ; and fuller's earth and lupin seed exhibited similar 
defects* The grains of ooffee grounds were too largo in water, and 
moved up and down in the ourrents too readily ; whilst fine sawdust 

* Aooordisg to tha formula in the paper by ProfeMor O. Beynolde, on hie Meresy 
model, read at the Ftonkfort Oongrew in Auguit, 1888, the tidal period would'be 
nearly 88 teoondi. 
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from boxwood and lignnm Yit» awelled in wator, and wae oarriad 
along so T 017 easily by the stream that no definite channels were 
formed in it. The powder obtained from Bath brick, which was 
experimented upon for some time in the model, both without and with 
training walls, yielded more satisfactory resalts, as besides affording 
shifting channels like the silver sand, it accumulated at the sides of 
the estuary when the training walls were introduced in the model. It, 
however, gradually became too com|>act, so that the current eonld no 
longer produce much effect on it ; but as it is probable that some 
sticky material is used in the manufacture of Bath bricks, it is quite 
poSHible that if I had succeeded in my endeavour to obtain the silt of 
the River Parret, from which the bricks are made, in its natural 
state, the material might have proved more subject to scouring 
influence. 

At last, in July 1887, 1 found a fine sand, on Chobbam Common, 
belonging to the Bagshot beds, with a small admixture of peat. Tlais 
sand, besides containing some very tine particles, was perfectly clean, 
so that water readily percolated through it; and it accordingly com- 
bined the advantages possessed by silver sand with a considerably 
greater iiiieneas. 

UvsulU of Working Model with Bagsh^ Sand, — The bed of the 
estuary having been formed with the sand obtained from Chobbam 
Common, after the model had been worked for some time, the chauuelB 
assumed a form very closely resembling the chart of the Seine 
estuary of 1834.* Accordingly, the first stage of the investigation 
was duly accomplished by the reproduction of a former state of the 
estuary in the model, with the single exception of a decidedly smaller 
depth in the channels, except in places where the scour was consider- 
able, which is readily accounted for by the circamstancos of the case. 
It IS probable that with a larger model, and especially if the bed was 
not BO nearly level as in the Seine, the depth would approach nearer 
to the proper distorted proportion as compared with the width. 

The close ooiTespondence of the channels in the model with an 
actual state of the estuary in its natural condition, confirms, in a con- 
siderably more complicated case, the results previously achieved by 
Professor Reynolds witli reference to the upper estuary of the Mersey, 
and afibrds a fair certainty that, with adequate data, the natural con- 
dition of any estuary could be reproduced on a small scale in a modeL 

Introduction of the Training WalU in the The 

second stage of the investigation oonsisted in the introduction of 
training walls into the model, corresponding in position to the actual 
training walls established in the ertuaty down to Berville. These 
walls, formed with stidps of tin, out to the corresponding heights at 
tho different places, and bent to the proper lines, were gradually 

* ' luitit. Civ, Unglu, Froo.,* vol. 84, Flats 6, fig. 1. 
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interfced in secHcms ; and the model wan worked between each addition, 
to conform* as tar as practicable, to the actaal conditions. The fine 
particles of the sand accreted behind the haining walls ; and the 
channel between the walla was scoured out, corresponding precisely 
to . the changes which have actually occurred in the estuary of the 
Seine. The foreBhf>res at the back of the training walls were raised 
up in some parts to higli -water level, whilst in other places the 
nt*cumulaiion was somewhat retai'ded by the slight recoil of the water 
from the vertical sides of the model, and by the wash over the vertical 
training walls, these forms being necessitated by the great distortion 
of the vortical scale of the model. On the whole, however, the 
accretion and scour in the model correspond very fairly to the results 
produced by the existing training walls in the estuary. The accretion, 
moreover, in the model, extended beyond the training walls on each 
side, down to Hoc Point on the right bank, obliterating the inshore 
channel close to Harfieur, wliich had been reproduced in the model, 
and down to Honfleur on the left bank, corresponding in these 
rospocts also to the actual changes in the estuary.* The main 
channel also, beyond the ends of the training walls, was compara- 
tively shallow, and was unstable, reproducing the existing conditions 
in the estuary. 

The expelriments relating to this stage extended over a year and a 
half, taking up all the time that conld be spared to them by myself 
and my assistant during that period ; they formed the turning point 
of the investigation, and have the interest of being, as far as I am 
aware, the first attempt at putting training walls in a model, and 
obtaining the resulting accretion on a small scale. Without the 
accomplishment of this stage, it would have been useless to continue 
the investigation ; and its satisfactory attainment proved so difficult 
in actnal practice, that for a long time it seemed probable that the 
attempt mnst be abandoned. 

Ap^Ucathn of SysUm to ABcertain the Tn^able Effects of any 
Training Works.^As the first and second steps in the investigation, 
by the aid of the model, had furnished results which corresponded very 
Mrly with the actual states of the estuary of the Seine before and 
after the execution of the training works, the final stage of the 
investigation, for asoertaiuing the probable results of any extensions 
of the training walls, could be reasonably entered upon. In selecting 
the lines of training walls to be experimented on, it appeared ex* 
pedient to adopt those which have been designed, after careful study, 
by experienced engineers, both on aooonnt of the rosulta from these 
being far more intereatiug than those of a variety of theoretical 
schemes, and also in the hope that some assistance might thereby be 
rendered to French engineers in the proseoution of this important 

* * Initit. Civ. Bugiii. Froo.,' vd. i compare Plate 5, fig. 1, and Plate fig. 1. 
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work. Moreover, the aohemea exhibit sufficient variety to admit of 
their being taken as types of schemes for throwing light upon the 
principles on which training works should be designed in estuHries. 
Accordingly, tbe third stage in the investigation consisted in extend- 
ing the training walis in the model, in accordance with the lines .of 
some of the schemes proposed ; and, after working the model for some 
time with each of the oxteusions successively, the several results were 
recorded, as shown in Plates 2 and 8, and Plate 4, figs. 1 and 2. The 
lines of training walls experimented on in the model were taken, with 
one exception, from five out of the seven most recent sohemes pro- 
posed, as these five schemes arc, I believe, the only ones which are 
still put forward for adoption. The linos shown on Plate 4, fig. 3, 
represent merely a thcMjretical arrangement of training walls, inserted 
for a final experiment in the model, to ascertain the effect of the most 
gradual enlargement of the trained channel which the physical con- 
ditions of the estuary would have admitted of at tbe outset, whilst 
maintaining the full width at the mouth. 

Scheme A , — The first arrangement of extended training walls intro- 
duced into the model was taken from a scheme, some of the main 
features of which were proposed in an earlier scheme in 1859,* and 
which was put forward in an amended form in ISSfi.f The design, 
as inserted in the model, coiiNistcd of an extension of the parallel 
training walls from Berville down to Honfieur, and the formation of 
a breakwater across the outlet, from Villerville Point on tlio southern 
shore of the estuary, out to the Amfard bank, thus restricting the 
month to the channel l)otween Amfard bank and Havre. The lines of 
these works were formed in the model with strips of tin, as shown 
on Plato 2, fig. 1 ; the northern training wal was kept low, and the 
southern wall was raised to the level representing high water of neap 
tides ; whilst the strip representing the breakwater was raised above 
the highest tide leVel, thus forcing all the flood and ebb water to pass 
through the Havre Channel. The results obtained in the model with 
these arrangements, after working it for about 6000 tides, are indi- 
cated on the first chart (Plate 2, fig. 1). The channel between the 
prolonged training walls had a fair depth throughout, partly owing 
to the concentration of the fresh-water discharge between the walls, 
and partly from the retention of some additional water in tbe channel 
at low water, by the hindmnee to its outflow offered by a sandbank 
which formed in front of the ends of the training walls, A deep hole 
was soon sooured out in the narrowed outlet by the rapid flow of tbe 
water filling and emptying tbe estuary at every tide. The absence, 
however, of connexion between the direction of the flood tide onrrent 

* * La Seine oomme Tole de Oommuniostioii ICaritiine et Fluvisle,' de Ooeno, 
1883, p. 11, end Plate 7. 

t ' Frojet dee Travaux 8 fldro i rSmbouchure de la Seine,’ L,7siiiQt,7erie, 1886. 
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through the outlet and the ebbing current from the trained channel, 
aided by the accretion of sand in the sheltered recess behind the break* 
water, led evontually to the formation of two almost rectangular bends 
in the channel, one just beyond the training walls, and the other near 
Hoc Point in the model. This tortuous channel, moreover, was 
shallow, except at the bends and the outlet ; and a bar was formed a 
short distance beyond the outlet. The contiaciion of the mouth of 
the estuary by the breakwater interfered so much with the indux of 
the tide into the estuary as to render it impossible to raise the tide 
inside to its ^vrevlons height ; and the reduction in height of the tide 
was clearly marked at Tanoarville Point in the model. Sediment 
accumulated in the estuary beyond the trained channel, being brought 
in by the rapid flood current, and not readily removed by the ebb, 
except in the trained channel and near the outlet ; and this accretion, 
by diminisbing the tidal capacity, gradually reduced the current 
through the outlet, and consequently the depth of the outlet channel. 
A considerable accumulation of sand took place outside the break- 
water, along the southern sea-coast, so that the l)ank opposite 
Tronville in the model was connected with the shore, and the 
foreshore advanced towards the end of the bieakwater (Plate 2, 
fig-. 1). 

Scheme B , — The second arrangement of training walla inserted in 
the model, below Berville, was taken from a scheme proposed in 1888, 
representing a modification, by another engineer, of the design from 
which Scheme A was copied.* It comprised the retention of the break- 
water from Yillerville Point to the Amfard bank, the most essential 
feature in Scheme A ; but the extension of the northern training 
wall was dispensed with, whilst the southern training wall was pro- ’ 
longed, in a continuous curve, from Berville to Honfleur (Plate 2, 
fig. 2), and eventually to the Amfard bank, connecting it there with 
the extremity of the breakwater (Plate 2, fig. 3). *A slight widening 
out of the existing trained channel, by an alteration of the end portion 
of the northern training wall, completed the arrangement of the 
model. The resalts obtained by inserting the training wall down to 
Honfleur, and then working the model for about 3500 tides, are 
shown in Plate 2, fig. 2 ; and those obtained after the prolongation 
of the southern training wall to the breakwater, and working the 
model for about 3700 tides, are shown in Plate 2, fig. 3. The channel 
followed pretty nearly the concave line of the prolonged southern 
training wall, between Berville and Honfleur in the model, except 
near Berville ; but the depth of water was less regular than in the 
previous experiment, owing to the diminished concentration of the 
ebb from the absence of the northern training wall. The channel 

s * M^oltes 4s la SooiM des Ingdnisan Cirils,* Mws, 1888, Farii, pp. 867 and 
878, and Plate 188, fig. 8. 
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between Honflear and Amfard wan tortnons aa before, bat its direc- 
tion was different. The deep hole at the outlet, the bar beyond, and 
the advance of the southern foreshore beyond the breakwater, 
reappeared again with very eimllar features to those in the first 
Boheme, except that the sandbank did not quite reach the outside 
face of the breakwater at low water. (Compare fig. 2 with fig. 1 in 
Plate 2.) 

The results which followed from working the model with the 
southern training wall prolonged to Amfard, are shown in Plate 2, 
fig. 3. The main alteration from the former experiment naturally 
occurred between Honfienr and Amfard in the model, a continuous 
channel being formed along the new piece of concave training wall ; 
whilst the general depth inside the estuary was improved as far as 
the meridian of Hoc Point. The channel, however, above Honfieur 
was not improved, owing apparently to the want of unifoi*mity 
between the directions of tho flood and ebb currents in the modal. 
The other features remained very similar to the former case, except 
that tho end of tho sandbank beyond the breakwater was slightly 
eroded, while L deposit took place between the extended training wall 
and the breakwater. (Compare fig. 3 with fig. 2 in Plate 2.) 

Scheme 0. — The third arrangement of training walls experimented 
upon in the model was chosen from a design published in 1885.* It 
consisted of an enlargement of the original trained channel below 
Quillebeuf, by a modification of the southern training wall from 
Qnillebeuf, and of tho northern training wall from Tanoarville, and 
the extension of the northern wall to Amfard and Havre, and the 
southern training wall to Ratier, as shown on Plate 3, fig. 1. The 
trained channel was thus given a curved, gradually enlarging form, 
and was directed into the central channel of the model, Iratween 
Batier and Amfard, the YiUerville and Havre channels being 
practically closed near low water. The effeots of working the model 
for about 6500 tides with this arrangement of training walls are 
indicated on the chart (Plate 3, fig. 1). The main channel kept near 
the concave southern training wall for some distance below Berville, 
and then gradually assumed a more central course between the train- 
ing walls towards the outlet, passing out just to the south of the 
Amfard bank. The channel thus formed bad a good, tolerably uniform 
depth, together with a fair width, owing apparently to the flood and 
•bb tides produoed in the model following an unimpeded and fairly 
similar course. Deposit occurred behind the training walls on each 
side ; and the foreshore advanced in front of Trouville in the model, 
in consequence of tho shutting up of tho YiUerville Channel. 

Scheme D. — Th€K fourth arraugoment cf training walls adopted in 

* * La Seine Maritime efe aon Eituaire/ E. Lavoinne, Faris, 1886, p. 140, sad 
* Inttit. Oiv. Engin. Ffoo.,' vol. 84, p, 848, and Plate 4, fig. 9. 
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the model 'wu selected from the most recent desififn* proposed by en 
engineer who had*previoaHly submitted sohemes in 1881t and I 8864 
The trained channel was widened out by an alteration of the southern 
wall from Quillebenf, and the northern wall from Taimarville, more 
than trebling the width between the training walls at Bervillo in the 
model ; and the walls were extended in sinnous lines to Havre on the 
northern side, and Honflenr on the sonthem side, as shown on 
Plate 3, fig. 2, thus forming a winding trained channel nipidly 
enlarging near ita outlet. The model, with the^e lines of training 
walls, was worked for about 5000 tides, with the resnlts indicated on 
the charts Deep channels wei*o scoured out close along the inner 
concave faces of the training walls in the model ; but shoals appeared 
over a considerable area of the newly trained channel ; a bar stretched 
across the deep channel where it shifted over from the south to the 
north training wall, about half way between Berville and Hotiflour ; 
and a large sandbank, emerging above low water, occupiod the centro 
of the outlet opposite Hontieur. Deposit also occurred at the sides 
of the estuary behind the training walls. 

As it was of importance to ascertain to what extent accidental 
modifications in the arrangement of the sand in the preparation for 
an experiment might affect the result, the lines of training walls 
described above were inserted a seoond time in the model, after the 
subsequent scheme £ had been experimented upon, rendering it 
necessary to replace afresh both training walls, and to remodel the 
sand 80 as to represent approximately the present condition of the 
estuary. The model was prepared for this second ex^ierimont in the 
usual way, without any special endeavour to secure coincidence with 
tiie first experiment in the initial arrangement of sandbanks and 
channels. The condition of the low-water channels in the model, 
after working the model with this arrangement of training wal^s for 
the seoond time for about 54(X) tides, is shown on Plate 3, fig. 3. 
The main features of the trained cluumel in the charts of the two 
experiments exhibit a very fair resemblance, considering the modifica- 
tions which any alterations in the initial condition might produce, 
and the natundlj variable state of the channels in a wide outlet. 
The deep channels reappear in th^D second chart at the innei* concave 
faces of the training walls, with intervening shoals; a large sandbank 
is again visible at low water along the north traiaing wall, opposite 
La Boque and Berville in the model ; and the sandbank in the centre 

* ^Dfpoutlon ds M. Ysutbier devant Is OommiMion de» Ports et YoIm Ifevi* 
gablea de Is Ohsmbre dei Psr», 18S8, p. 17, snd Plate 4. 

t. * Bapport lur lee Amfliomtioni dont lont encore eusceptiblM Is Seme Maritiiiie 
et loa B^usire,' L. L. Yaathier, Bouen, 1861, p. 46, and Annex 20. 

{ * Dire h VBnquIte owerts tor rAiant-prqfet dit Travenix d' Amdfinrstieii^de 
Is Bsew-Seine, 18W,^ L. Yaathlsr, Paris, Plate 1. 
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of tbe outlet of the trained channel opposite Honflenr emerges again* 
though smaller in extent owing to alterations in* the channel; and 
the deep place at the end of the sonthem training wall, dose to 
Honfleur, is the same in both charts. 

Scheme — The fifth arrangement of training walls introduced 
into the model was taken from a design* published in 1888, which is 
a modification of a scheme, prasented in 1886, by a Committee of 
experts appointed by the French Oovernmont to consider the 
question.! In the scheme as laid down in the model, the trained 
channel in the bend between Quillebeuf and Tanourville, where the 
depth was greatest, was enlarged in width by sotting, back the 
southern training wall ; the original width of ^ the channel was 
retained at the point of indexion opposite Tancarville, and the 
channel was widened out below La Roque by a modification of the 
lines of both training walls down to Berville. The training walls 
were also extended beyond Berville in sinuous lines, as shown on 
Plate 4, fig. 1, the southern wall being carried down to Honfleur, and 
the northern wall not quite so far. The portion forming the last 
bend of the northern training wall was kept low, whilst the others 
were made high, according to the design. Both in this and the 
preceding arrangement of training wells experimented on, the 
expanding trained channel was somewhat restricted in width along 
the portions near the changes of curvature, to make it conform to 
the principles which experience has laid down for training winding 
rivers in their nou-tidal course, as previously mentioned. The results 
obtained, after working the model for about 3700 tides, are represented 
on the chart (Plate 4, fig. 1). The channel between the training 
walls was somewhat shallow in places ; and though a deep channel 
was formed along the inner concave face of the southern wall 
between La Boqne and Berville, a shoal emerging above low water 
appeared along the concave face of the last bend of the northern 
training wall. This bank appeared to be due to the protection the 
extremity of the bend afforded from the action of the flood tide in the 
model ; whilst the ebb followed the central flood-tide channel, instead 
of passing over to the concave bank as would have ooenrred with the 
current of a non-tidal river. The main channel bqrond the training 
widls, which, though of fair depth, was somewhat narrow and 
winding, was also unstable ; for in the early part of the experiment^ 
its outlet was in the central channel between Ratier and Am&rd in 

* * Be VAm Afontion du Fort du Havre et dee Paeiee de la Baese-Seine,* Banm 
Quinette de RookemoDt, Farls, 1888, exoerpfe * M^moim de laSociM des Inftolean 
Oivilt,' 1888, p. 824, Plate 162, fig. 1. 

t * Oommiieion d'fftude dee Amdliwitioiu i apporter an Port du Havre et anx 
Pawei de la BaMe-Seiiie,— Bappoirt de la Conmiiiion/ Paris, 1886, pb 61, and 
chart. 
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the mode], whilst at the dose of tlie experiment it had shifted, as 
shown, to tbe Harre channel. Aooretion occurred behind the 
training walls in the model ; and some silting up took place in the 
Villorville Channel and along the foreshore iu front of Trouville, 
owing apparently to the preference of the main channel for the 
other outlets, and the diminished capacity of the estuary resulting 
from accretion. * 

This arrangement of training walls was fui*ther investigated by 
working tbo model for abont 6300 tides moi’o, with the results shown 
on Plate 4, Hg. 2. The chief features of the ostimry in the model 
showed oi}ly slight changes from the state previously recorded (Plate 
4, hg, 1), witli the exception of the main channel which had sliiftcd 
again to the central outlet ; whilst the northern foreshore above low 
water extended over part of the former site of the channel. The two 
houditioxis of tbo estuary, represented by Plate 4, figs. 1 and 2, have 
therefore the interest of exhibiting in the model a shifting chanuol, 
such as actually exists at the present time in the Seine eBi.uary below 
Berville. 

Scheme P.^The last experiment was made on an arrangement of 
training walls inserted in the model, making the trained channel 
expand as gently as practicable between Aizier and the sea, whilst 
retaining the natural width at the outlet (Plate 4, fig. 3)* This is tbo 
form of channel which theory indicates as the most suitable for 
whilst it facilitates the influx of the flood tide, it prevents, as far as 
possible, the abrupt changes in the velocity of a river in passing from 
its ostaury to the sea, which are so prejudicial to uniformity of depth 
iu a channel. It was therefore of interest to ascertain what results 
would be produced by this theoretical arrangemout of training walls 
in the model, which, in order to leave the outlet free, and thus avoid 
favouring a progression of the foreshore outside, had to provide a 
wide channel near Honileor compared with the restricted width 
available at Quillebeuf. The direction of the channel between Aizier 
and Quillebeuf, together with the cliffs bordering the river at Quille* 
beuf and Tancarville Points, deiormined the maximum width obtain* 
able at Quillebeuf, and the direction of the channel from Aizier to 
Tancarville ; and the extension of the training walls in the model 
from this point was regulated by the nocessify of passing close to 
Honflear at the south, and not impeding tbe approach to Havre on 
the north. The effects produced in tbe model by working with this 
arrangement of training widls for abont 7300 tMes are indicated on, 
the chart (Plate 4, fig. 3). The southern training wall was kept 
above high-water level all the way to its termination at Honflear in 
the model, but tbo northern training wall was gradncdly reduced in 
height from nearly opposite Honflear towards Havre. The trained 
* ' Bivors and Osaab/ L. F. Vemon-Earcourt, p. 836. 
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ohanne] had a good -width at low water throaghoat, in spite of the 
distance apart of the training walls in the model, the whole channel 
being below low- water level, except near the southern wall between 
Berville and Havre, and against the northern wall nearly opposito Hoc 
Point, whore banks emerged slightly above low water. The channel, 
moreover, was distinctly, though slowly, improving with the con- 
tinuance of the working, and tiie banks diminishing. There was also 
a fair deptli in the channel, the shallowest plaoo being opposite 
Borrille, whilst a deep place was formed just above, near the southern 
wall between La Boque and Berville. The depth in all the outlet 
channels was well maintained ; and iliougli deposit naturally took 
place behind the northern tmining w'all, no accretion was visible 
along the foreshores outside. 

ConstdirdUotie affecting EsBpenmental Training Works. 

The value of experiments resembling those just described depends 
entirely upon the extent to which they may bo regarded as producing 
efFects approximately corresponding, on a small scale, to those which 
training works on similar lines, if earned out in an estuary, would 
actually produce. Tf the effects of auy training works could be 
foreshadowed by experiments in a model, the value of such experi- 
ments, in guiding engineers towards the selection of the most suitable 
design, could not be overestimated. 

Some of the influences at work iii an estuary cannot possibly bo 
reproduced in a model — such as winds and waves. Winds coming 
from different quarters are variable in their effects; but the direction 
of the prevailing wind indicates the line in which the action of the 
wind has most influence, which may be exerted in I'oinforcing the 
flood or ebb cuiTents, and may aid or retard accretion by blowing the 
silt-bearing stream more into or out of the estuary. Weaves are the 
main agents in the erosion of cliSs along open sea-coasts, and in 
stirring up sand in shallow places ; and the mateinal thus put in sus- 
pension may be transported by tidal currents, aided by wind, into an 
estuary, and be deposit<*d under favourable conditions. These circum- 
stances affect the rate of accretion, which cannot be investigated 
experimentally, as it is impossible to reproduce in a model the propor- 
tion of silt in suspension, which, moreover, varies in any estuaiy with 
the state of the weather and tide, and the volume of fresh water 
discharged. Inside an estuary, also, waves in storms may erode the 
shores at high tide, a|;d modify the low-water channels ; the first 
effect is very gradual, and the second is intermittent — only occasionally 
occurring. 

The main foi^oes acting in any tidal estuary are the tidal ebb and 
flow and the fresh- water discharge, which ore constantly at work ; and 
they rogulate the size of the channels in an estuary, and for the most 
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part their direction, as veil as the limits of acorotion. These are the 
forces which can be reprodnced in miniatare in a model, as proved bj 
the close concordance in the channels obtained bj experiment with 
the actual conditions of the Mersey, and with a previouH state of the 
Seine estuary ; and this similarity of results would not Lave occurred 
if the other influences noticed above were at all equally potent. 

Training walls mainly modify the direction and action of iho tidal 
ebb and flow and fresh- water discharge; and, therefore, it is reasonable 
to suppose that the results in a model, due to these alterations, would 
correspond to their actual effects in an estuary, provided the important 
element of iu^rotion could be also reproduced. This was satisfac- 
torily accomplished in the second stage of the investigation, proving 
that the miniatare influences pi'oduccd in the model corresponded, in 
this case also, with the forces acting in the estuary. Accretion is 
promoted by training walls in an estuary where matter is carried in 
suspension ; but the action of waves in modifying the channels is 
stopped by the intervention of training walls. Accordingly, the 
farther the training walls are extended, aud the more an estuary is 
protected by works such as those indicated in Plate 2, the more is 
the modifying influence of waves eliminated, and therefore the more 
are experiments in a model likely to correspond with the conditions of 
estuaries under similar conditions. 

Other considerations also afford grounds for supposing that the 
effects observed with training walls in a model fairly correspond with 
the results which such works would produce in an estuary. The 
charts of the experiments show that defliiite results followed from 
certain lines inserted in the model, and that modifications in these 
lines were followed by modifications in the results. (Compare Plate 2,' 
figs. 1, 2, %nd 3, and Plate 3, fig. 2, with Plate 4, tig. 1.) Moreover, 
the results produced with iho model agree veiy closely with the 
results which, in the two earliest schemes experimented upon, it was 
stated, before the experiments were begun, would follow, if the works 
indicated by lines in the charts were actually caii'ied out in the Seine 
estuary.* 

* Compare the obserrations relating to Scheme A and Plato 2, flg, 1, with the 
following extnot from ‘ Instit. Civ. Kngin. Proc.,* voF. 84, p. 356 : — "ITjo narrowing 
of the mouth of the eetnaT^ of the Seine would at first promote ecour, end inereaee 
the depth in that part of the channel, and for a little distance above and below. 
This oontrootson, however, would impodo the influx of the flood tide, and oauae 
changes in the velocity of the current through the narrow nook, and in the wide 
•estuary above, promoting the deposit of silt brought in by the tide. This accretion 
would be greaUy aided by the proloAgation of Die training walls to Honfleur, so 
that eventually the greater portion of the estuary coinpriifed between TancarrUle, 
Hoe Point, and Honfleur would bo raised to high-water level. This large reduetion 
in tidal capacity would veduoe the tidal current through the narrowed entrance, and 
^oonsequently diminish again the depth in tho ohanusl. Moreover, this reduction of 

2 V 2 
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It wonld be impossible to determine by experiment the time any 
chan^ in an estuary wonld oocnpy. The figaros, in fact, gtring 
the number of tides during ivhich each experiment was worked, are 
not even intended as an indication of the rate of change in the model, 
and much less as any measure of the period required for such changes 
in an estuary, but merely as a record of the comparatire duration of 
each experiment. It was observed, h<jwever, that the changes were 
most rapid whore the modifications efEfcfced by the lines of walla 
inserted in the model wero greatest (Plate 2), and slowest where the 
lines in the model produced the least alterations. (Plate 3, fig. 1, 
Plate 4, tig, 3.) 

PrmripZss fi/r Training Tidal Rhoers deduced from ExpeAments^ 

The foregoing invcstigatioiis, viewed merely ns experiments, with- 
out any reference to their bearing on the Seine, may servo for 
indicating some general principles applicable in training tidal rivers 
through wido estnaries. Direct experiment for each estuary is 
undoubtedly pi*ofcrable to abstract reasoning, where such experiment 
is possible, as it reproduces the special conditions of the estuai'y to he 
investigated. Nevertheless, general principles may be of value in 
guiding the choice of designs to bo investigated, so os to avoid waste 
of time in testing unfavoumble schemes, and also in oases where the 
conditions of nn estuary are not sufficiently known to afford a correct 
basis for experiment. 

The experiments may be divided into three classes, namely ; — 

(1.) Outlet of estuary considerably restricted, and cbannel trained 
inside towards outlet, (Plate 2.) 

(2.) Channel trained in sinuous lino, expanding towards outlet, 
but kept somewhat narrow at changes of curvature. (Plato 3, figs. 2 
and 3, and Plate 4, figs. 1 and 2.) 

(3.) Channel trained in as direct a courao as practicable, and 
expanding i*egula>rly to outlet. (Plate 3, fig. 1, and Plate 4, fig, 3.) 

The experiments of the first class exhibited a deep outlet, and a 
fairly continuous channel inside, where the trai;ging works were pro- 
longed to the outlet. The channel, however^' vrafl irregular in depth 

tidid flow in and out of the lower estuaTy would favour the natural heaping*up 
action of the sea on the sands outside i so that eventiuiUy, not only would the initial 
deepening of the narrowed outlet be lost, but the good depths in the bay outside the- 
estuaiy would be imperiliod." 

Compare also Plate 3, flg. 1, 'Allowing extract from * Instit. Oiv. Bngin. 

Proo vol. 84, p. 260 “ The douti^n^nily oonoave southern training wall, whilst 
very favourable to Honileur, ivltf^lij^daly keep the ebb current to tliat side, and 
therefore away from Havre. Also, the extension of the wall along the Batier Bank 
will act like a groyne, and, arresting the silt-bearing southern current, will connect 
Trouville Bank with the shore, and lead to a large aoonmnlation of deposit in front 
cfTroaville .... and also the low walls proposed will not prevent MmetloiL**’ 
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near the outlet ; aud a bar appeared in frout of the outlet outside. 
The breakvrater also, extending across part of the outlet, favoured 
deposits both inside and outside the estuary, by producing slack nrater 
in the sheltered rccossos. 

The second class of trained channel was designed to profit by the 
scour at the concave face of bends, so clearly exhibited at the first 
bend of all the charts, and to continue the depth thus obtained by 
restricting the width between the bends, on the principle adopted for 
winding non -tidal rivers. Experiment, however, did not boar out the 
advantages anticipated from this system, probably owing to the variable 
drection of the flood tide at different heights of tide, its being checked 
in its progress by the winding course, and not acting in unison with 
the ebb from the difference in its direction and the width of the trained 
channel near the outlet. The main stream in a non-iitlal winding 
river always follows a tolerably definite course; whereas the flood 
tide tends gradually, as it rises, to assume as direct a ooui'se as 
possible. The difference, thei'efore, in the conditions of a non-tidal 
and tidal river, in this respect, is considerable. 

The 4>hird class of trained channel afforded a wide, tolerably uniform 
channel in the experiments ; the flood tide was less impeded in its 
progress than with the other forms of training walls, and appeared to 
act more in concert with the ebb. 

The experiments, accordingly, indicate that the only satisfactory 
principle for training rivers, through wide estuaries witli silt-boariug 
currents, is to give the trained channel a gradually expanding form, 
with as direct a coarse as possible to the outlet. The rate of increase 

width between the training walls must bo dotoimined by tli especial 
liii^ditions of the estuary. If the outlet is voiy wide, and the gradual 
ci^nsion in width cannot bo commenced a considerable distance up 
ifi estuary, some restriction in width at the outlet may be expedient 
% avoid a too rapid expansion. It is evident that the widening out 
adopted in the last experiment (Plato 4, fig. 3) was carried to its 
utmost limits, from the continuance of sandbanks inside the trained 
channel, and that, regarding merely the improvement of the 
ohannel, it might have been preferable to restrict its width at the 
outlet as effected in Scheme C (Plate 3, fig. 1). At the same time, it 
must not be infen^, from the existence of these sandbanks, that the 
distance apart of the training walls was much too great in the last 
experiment ; for the width apart of the training walls necessitated 
the inclusion of a greater extent of sandbanks within the trained 
channel at the outset, and also rendered the rate of improvement in 
the cliannel more gradual, so that the improvement in the channel 
both in direction aud depth was still progressing at the close of the 
experiment, and the sandbanks in the channel were in prooess of 
removal, and not being foi*med. The choice in such cases, where the 
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vfiieving out cannot be commenced far np, appears to lie between the 
utmost improTement of the channel at the expense of aoeretion on 
the foreshoroB outside, and the maintenance of the depths oror the 
foreshores bojond the outlet accompanied with a somewhat less good 
channel in the estuarj. In some cases, deposit on the foreshores 
at the side bejond the outlet might be of no importance, and then the 
rirer channel should be primarily considered ; but if, on the contrary, 
aooretioQ on the foreshores outside is undesirable, the outlet must be 
maintained by a greater widening out of the training walls. The 
actual direction of the training walls mnst be determined, in each 
case, by the general direction of the channel above, the situation of 
ports on the estuary, the position of the outlet, and the set of the flood 
tide at the entrance. 

Conclttding Bema.rJcs , — In terminating this record of my inveatiga* 
tibns, and the general principles for training works which they seem 
to indicate, I desire to acknowledge the care with which my assistant, 
Mr. E. Blundell, has carried out the tedious task of working the tides 
in the model, and prepared the charts of the experimental results from 
which the illustrations accompanying this paper have been drawn out. 
Eddies at sharp edges, duo to distortion of scale, appear to have ex* 
cessive scouring effect in a model; whilst the action of the more 
regular currents exhibits a deficiency in scouring pdwer, as previously 
noted. Though the actual depths of the channels, however, are too 
Bmall for the distorted vertical scale, reliance, I think, may be placed on 
tbe general forms and relative depths of the channels obtained in a 
model. It is possible that the inadequate depth might be remedied 1^ 
the employment of a finer or lighter material for forming the bed of 
the model, or by using a liquid of greater density than water; but 
sand and water have the unquestionable advantage of being tbe 
substances which actually effect the changes in estuaries. 


** Ou the Cranial Nerves of ElasmobrancH ^l^ishes. Prelum* 
nary Communication.” By J. C. Ewart, M.D., Regina 
Professor of Natural History, University of E^uburglu 
Communicated by Professor Burdok Sanderson, F.R,S. 
Received February 22,-«4;^ead March 7, 1889. 

Although the cranial nerves of HexwnehuBy Echvnorhinua^ and 
ScylUmi have been fully described, and the segmental value of the 
nerves of Elasmofaranch fishes repeatedly considered, tbe nervous 
system of LcemarguB has hitherto escaped notice. This is probably 
to be accounted for hj anatomists taking for granted that Xarmarga# 
agreed in the arrangement of its nerves with Echinorhinut and other 
S^f^naddcB. 
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I hare not yet had an opportunity of oomparing Zn^margua with 
either HeaBonchue cat EcKinorhinuSt but 1 hare satisfied myself that the 
aocounts given of the cranial nerves of these forms are not applicable 
in several important respects to the cranial nerves of Lcmargun, nor 
yet to the nerves of the common skate {Baia batis). Further, 1 find 
that when, having mastered the arrangement of the cranial nerves of 
Lcmargui and Eaia, one turns to Patromyzont ScylUum, Oaleus, and 
other familiar forms, it is impossible to accept many of the statements 
hitherto made as to the uatnre, distribniion, and segmental valno of 
the cranial nerves of vertebrates. 

In this preliminary communication I propose to describe shortly 
the cranial nerves of Lemargue and £atd, reserving for a fatare 
paper a comparison between the nerves of Ltmargus and other 
Elasmobranohs, and the consideration of the segmental valne and the 
more important modifications of the cranial nerves in the chief sub- 
divisions of the vertebrate group. 

I. The Cranial News of Lmmargns. . 

As the olfactory and optic nerves closely resemble those of 
Heaaanohust it is unnecessary to refer to them in this preliminary note, 
and instead of beginning, as is usually done, with the oculo-motor, 1 
shall first describe the ophthalmicus profundus. 

1. The Ophthalmicus Profundus.— This nexVe has usually been said 
to belong either to the oenlo-moior or to the trigeminal. It presents 

root, more or less distinoi, a root ganglion, and a trank which gives 
off a number of well-marked branches. Although the segmental 
^ value of the ophthalmicus profundus need not now be discussed, it 
may be mentioned that since van Wijhe demonstrated that it 
possessed a ganglion, its right to rank us a separate cranial nerve has 
been deem^ worthy of consideration. Although Marshall and 
Spencer concluded that there was nothing in support of the view that 
the root of this nerve belonged to the trigeminal, and believed that its 
trunk was a branch of the oculo-motor, Oegenbaur has recently 
stated that he considers the ophthalmicus profundus with its ganglion 
as part of the trigeminal. Very different views have been held 
as to the ganglion of the ophthalmicus profundus. By Marshall 
and Spencer the ganglion was said to belong to the oonlo-motor, 
and was identified as the ciliary ganglion. Beard, on the other 
hand, considers the ganglion of the ophthalmicus profundtu as 
homologous with the Gasserian ganglion, while be thinks the ciliary 
gai^Uon probably corresponds to a sympathetic ganglion. Believing, 
with van Wijhe, in the possible existence of two ganglia, ono ore the 
ophthalmicus proAindos and one (the ciliary) in connexion with the 
oculo-motor, Board has given to the ganglion of the ophtLalmipua 
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profandaa the name of moBO-cepbalio. Ho further statea that there 
can be no doubt that the ciliary (aa diatingaished frozn the tOit^ 
cephalic) ganglion of lower vertebrateB ie exactly homologonB with 
the ciliary ganglion of mammals. 

The ofihthalmictus profundus nerve Qi fig. 1) m Lamargtu arises by 
several rootlets (2—^) from the side of the medulla immediately in 
front of the main root of the trigeminal, and runs outwards in oontdct 
with the anterior surface of the trigeminal to enter the targe foramen 
which serves for the passage of the trigeminal, and the antorior 
portions of what may best be known as the facial complex. As the 
ophthalmiouS approaches the foramen it partly blends with the trige* 
minal, and while in the foramen it communicates with this nerve hj 
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Bevcral snifJl bvamdies. On escaping from the cranial wall the 
ophthalmioas profaodos sepamtea from the trigeminal and presents a 
slight swelling, the meso-oephalio ganglion (Beard), or ciliary gan. 
glion (Gogenbanr and others). This ganglion lies dorsal to, but only 
very slightly in front of, the large Ghsssoriau ganglion of the trige- 
minal (3, fig. 1). From the ganglion the trank extends forwards over 
the external rectus muscle to pass under the rectus superior towards 
the eyeball, from which it bends inwards between the superior oblique 
and internal rectus masoles, to reach the snout by penetrating the 
pre-orbital process of the eraniam. 

The more important branches of the ophthalmicus profundus are 
(1), a small branch which passes outwards above the superior rectus 
muscle; (2), two or three ciliary branches (et., fig. 1), which run 
forwards under cover of the rectus superior to enter the eyeball — to 
those ciliary branches delicate filaments pass from the deep branch 
of the oculo-motor; (3), small branches which pass outwards iu 
front of the eyeball; (4), branches to the skin, and subcutaneous 
tissue of the snout and to the rostral cartilage. I have been nnable to 
trace any branches from tJie ophthalmions profundus to either the 
mucous canals or the ampullo of the sensory tubes ; long and slender 
branches, however, seem to be distributed to the tubes which extend 
from the ampuUes to open through the akin* 

2. The Ocufo-motor ^erve.— Although this nerve does not necessarily 
stand in the same relation to the ophthalmions profundus as does the 
ventral root to the dorsal root of a spinal nerve, it will be con- 
venient to deal with it before considering the trigeminal. The oculo- 
motor has been ranked very difi'erently by different observers. 
Marshall and Spencer considered it of segmental value, and Gaskell 
has recently stated that it retains in its root vestiges of a ganglion. 
Van Wijhe looks upon the ooulo-motor as forming the ventral (motor) 
root of the ophthalmions profundus, whilst Gegeubaur neither admits 
that it has the rank of a segmental nerve nor feels satisfied that it 
represents the ventral root of the ophthalmicus profundus. 

The oculo-motor (2, fig. 1) in Lcamargus arises by a number of 
delicate rootlets (5 — 7) from the under-surface of the mid-brain, on 
a level with the posterior end of the optic lobes and in line with the 
abdneens and spinal nerves. Passing outwards it escapes from the 
cranial cavity by a special foramen, and bends round the orbital pro- 
cess of the palato-pteiygoid arch to reach the rectus superior, where 
it divides into a superficial and a deep branch. Tho saperticial 
supplies the superior and iuternal recti muscles, the deep branch 
passing under the rectus superior sends filaments to the inferior 
rectus and^inferlor oblique muscles, and, as it runs over the pedicle, 
it sends one or two ozoeedingly delicate twigs to the ciliary branches 
of the ophthalmicus profundus. I hare been unable to find any 
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ganglionio cells that migbt represent a root ganglion in any pai't of 
the oculo*motor nerve or any representative of a ciliaxy ganglion^ in 
addition to the ganglion of the ophthaltnionR profnndns, or even any 
communication between the ocnlo-motor nerve and the ganglion of 
the ophthalmicus profundus, which has apparently been often de- 
scribed as the ganglion of the oculo-motor nerve, as the ciliary 
ganglion. 

Thu Trigeminal Nerve , — Hitherto anatomists have, with few 
exceptions, described the trigeminal nerve as arising in Elasmobranchs 
by sevei*al roots, but there has seldom been complete agreement as to 
either the number or position of the roots, and hence great confusion 
has arisen. Marshall and Spencer did much to remove this con- 
fusion by showing that the so-called dorsal root of the trigeminal 
undoubtedly belonged to the facial. They described the trigeminal 
as arising by a small anterior non-ganglionio root and a large posterior 
ganglionic root. Their small anterior root evidently corresponds to 
the root of the ophthalmicus profundus, the ganglion of which they 
transferred to the oculo-motor. 

In Ltemargus the origin of the trigeminal (3, fig» 1) is easily 
made out. When the rootlets of the ophthalmicus profundus are 
removed, the trigeminal is found to spring from the side of the 
medulla by a single large root (the posterior root of Marshall and 
Spencer), which lies in a line with the ventral roots of the facial 
complex. The root of the trigeminal passes forwards and, blending 
with the ophthalmicus profundus, enters the foramen under cover of 
two of the subdivisions of the facial complex, viz., the ophthalmicus 
Buperticialis and buccal. As it passes through the foramen it pre- 
sents a distinct swelling — the Gasserian ganglion. The trunk of the 
nerve at once divides into two large branches — ^the maxillary and 
mandibular. A third but slender branch (the superficial ophthalmic 
branch of the trigeminal) springs either from the trunk or from the 
mandibular. Two very slender nerves, which leave the root as it 
crosses the cranial cavity, pass upwards thi^ugh the walls of the 
cranium towards the skin in front of the oar capsule. 

The branches of the trigeminal are ; (1) the superficial ophthalmic 
which runs first along the inner and then obliquely ovei* the upper 
surface of the ophthalmicus superficialis of the facial complex, to 
pass through a special canal in the pre-orbital cartilage and send 
branches to the subcutaneous tissue of' the snout, especially in front 
of the proorbital process. (2) The maxillary branch. This nerve 
runs forwards and outwards under the eye muscles, dividing on the 
.way into branches, which reach the under surface of the snout 
and terminate in the vicinity of the anterior labial and palato-ptery- 
goid cartilages. The trunk aud its various branches are intimately 
related to the buccal subdivision of the facial complex. (8) The 
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mftndibnlar branch. This large nerve first gives ofi a nmnber of smalt 
twigs which pass nnder the buccal division of the facial to assist in 
sappljing the muscles in fi-ont of the spiracle. It then divides into 
branches which pass forwards and outwards supplying the mandi** 
bular and other muscles, and finally sends branches to the skin in the 
vicinity of the mandibular arch and the posterior labial cartilage. 
Some fibres from both the maxillary and mandibular nerves penetrate 
between the sensory tubes, and lie in close contac*t with the mucous 
canals, bnt in no cose have 1 found them terminating in the ampullse 
or penetrating the mucous canals to end in the sensory iissuo lodged 
in their cavities. 

T/w Fcbdal Omi'plex. — In describing the cranial nerves of Kexanchu»^ 
Oogenbaur considered the trigeminal and facial nerves as foming a 
single group, and he included amongst the roots of the trigeminal 
the roots of two nerves (ophthalmicus superficialis and buccal) now 
all but universally acknowledged as belonging to the facial. 

While in the higher .vertebrate the trigeminal nerve is of far more 
importance than the facial, in the lower fishes it is otherwise ; for 
while the trigeminal proper consists of but a single root the so-called 
facial is made up of three laz^ roots, one of which seems to be 
double. Hence, instead of gt^ouping the trigeminal and facial nerves 
together, it will bo more convenient to consider the fa(*ial nerves by 
themselves and speak of them as the facial complex. This complex 
includes four separate nerves, viz., (1) the ophthalmicus suporfioialis, 
(2) the buccal, (3) the palatine, and (4) the hyoniandibular. In the 
meantime it is only necessary to mention that the enormous develop- 
ment of the so-oalled facial is owing to the presence of a complex 
system of lateral sense organs — sensory tubes and mucous canals. 

4. The Ophthalmicus This nerve (4, tig. I) arises by a 

large root from the so-called trigeminal nucleus which occupies the 
most dorsal portion of the medulla. Tho root, in a large fish, lies on a 
higher level (by about 4 mm.) than the other roots of the facial 
complex, and it is also the most posterior root, i.e., the furthest from 
tho snout. Arising far apart from the other divisions of tho facial it 
runs forwards and then bends downwards to roach the buccal nerve, 
with which it freely oommunicates as it passes through the cranial 
walls at a higher level than the trigeminal and ophthalmicus pro- 
fandus. Immediately beyond the walls of tho craniam it presents a 
ganglionic swelling, which consists of large bipolar cells, similar to 
those of the Gasserian ganglion. The main trunk of tbe nerve then 
arches round tbe conical orbital process of the palato-pterygoid arch, 
and extends forwards above the eye muscles to send branches to the 
sensory tubes and mucous canals of the snout. 

In LcBTnargus the ophthalmicus superficialis of the facial supplies 
(1) the ompalle of the sensory tubes on the dorsal aspect of tbe snout, 
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and (2) the crania, rostral, sabrostral, and nasal mnoons canals** 
These oauols are described by Qarman, one of the latest writers on 
the sabject, as beinj^ supplied by the trigeminal. It may be men- 
tioned that the minute branches for the cranial canal spring fit>m the 
trank of the nerve as it passes through the orbit and reach the surface 
by piercing the cartilage of the roof of the orbit at abort and nearly 
regular intervals. A remarkable bundle of fibres runs obliquely 
across the upper border of the ophthalmicus superficialis at its origin, 
and reaching its anterior surface turns abruptly downwards to lie first 
in front of and afterwards under the buccal nerve. These fibres then 
form a plexus from which numerous twigs proceed to the conjoined 
roots of the byomandibiilar and palatine nerves; they probably even- 
tually reach and end in ampullsB and mucous canals. 

6. The Buccal Nerve , — This nerve (5, fig, 1) springs by a largo root 
from tbe aide of the medulla, behind and on a slightly higher level 
than the root of the trigeminal. As the root passes outwards, it lies in 
the groove formed by the roots of the trigeminal and the posterior 
portion of the facial complex. After communicating freely with the 
ophthalmioua superficialis, it escapes with it through the* cranial 
walls. Leaving the ophthalmicus 'superficialis, it cornea into close 
contaot with the outer surface of the Gasserian ganglion, and then lies 
between the maxillary and mandibular branches of the trigeminal. 
As the bnccal nerve loaves tbe Gasserian ganglion, it presents a 
distinct swelling which is crowded with large bipolar cells. This 
may be called the buccal ganglion. The buccal nerve beyond the 
ganglion comes into intimate relation with the maxillary nerve, and 
as it runs forward under the contents of the orbit, it breaks up into 
branches which eventually reach the ampullm and mucous canals of 
the snout not supplied by the opbtbalmicns superficialis. The bnooal 
nerve also sends branches to the anterior portion of the occipital 
mucous canal, and to the posterior part of the cranial mucous canal, 
and it sends a branch backwards which disappears under the hyo- 
mandibular cartilage. Farther, by means of branches which run 
outwards, behind or under the contents of the orbit, the bnooal 
nerve supplies the orbital and suborbita) canals, apparently without 
auy assistance from the maxillary and mandibular branches of the 
trigeminal. 

The Palatine artd Hyomandibular Nerves ^ — These nerves arise by a 
large root which lies between the trigeminal and auditory nerves, and 
partly under cover of the buccal nerve. This root is augmented by 
fibres horn the plexus which, as mentioned above, is formed in con- 
nexion with the bundle of fibres that arches downwards from the 
ophthalmicus superficialis. Having received these additional fibres, 

*>The^ names used £>r the mueons easels are those of Agassis as modiHed by 
GttriBlaii. 
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the common root arches backwards, and enters a large foiumon along 
with the auditory nerve. Leaving the auditory, it runs forwards 
through a canal in front of the auditory capsule. Having proceeded 
some distance (about 5 cm. in alargo fish), it divides into two brunches, 
a largo branch (the byomandibular) that proceeds outwards behind 
the spiracle, and a smaller branch (the palatine), which bends down- 
wards towards the roof of the mouth. When the common trunk of 
these nerves is carefully studied, it is found to consist of two separate 
bundles, a small bundle which seems to be continuous with the 
palatine nerve, and a larger bundle which is continuous with the 
byomandibular nerve. At the point of bifurcation there is a large 
collection of ganglionic culls, some of which lie in the palatine nerve 
and may bo known as tlie palatine ganglion. Further, the two 
nerves are connected in front of the apparently compound ganglion 
by a number of fibres which have a somewhat plexiform arrange- 
ment. 

6. The Palatine Nerve. — This nerve (6, fig. 1) at once gives off a 
number of branches (prespiracular) which are distributed to the 
tissues in front of the spiracle. The main trunk sends numerous 
branches to the roof of the month. Continuous with what may be 
known aa the root of the palatine nerve, a distinct bundle of fibres 
runs outwards under the hyomandibular nerve (from which it receives 
one or more small branches), and passing over the hyomandibular 
cartilage, runs forwards to end in the fold of macons membrane lying 
between tbe hyoidean and mandibular cartilages. 1 look upon this 
long slender nerve as corresponding to the chorda tym])ani of higher 
vertebrates. 

7. TJ^e Hyonandihular Nerve,— This nerve (7, fig. 1) which increases 
immensely in siao, beyond the ganglion, is chiefly coiicomod in supply- 
ing the large group of ampullos that lies external to the spiracle, but 
it also supplies tlie mucous canals not already referred to, with tlie 
exception of the aaral macons canal and the canal of the lateral line. 
It farther sends a branch backwards to muscles lying over and within 
the hyomandibular cartilage and the branchial apparatus. 

In describing the facial cermplex, I have referred to a special 
ganglion on the ophthalmicus superficialis, to another on the baooal, 
and to a oomponnd ganglion in connexion with the hyomandibular 
and palatine nerves. Qegenbanr oonsiders the palatine nerve of Elas- 
mobranebs as homologous with the groat petrosal nerve of m^mals. 
If this comparison holds, which I have every reason to believe it will, 
the interesting question arises — Is there any relation between the 
palatine g^glion of the Elosmobranch and the spheno-palatine gan- 
glion of the mammal P And this leads to tbe further question — 
Are the ganglia of the ophthalmicus superficialis, buccal, and hyoman- 
dibulor nerves related to the geniculate, otic, and submaxillaTy ganglia 
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o£ the higher vertebrates ? These and other questions 1 shall hope 
to deal with in a future paper. 

8. The TrochleanB Nerve* — This nerve (8, fig. 1) arises from the side 
of the brain immediately behind the optic lobe. It passes forward and 
upwards to pierce tbo cranium a considerable distance in front of the 
oculo-motor, it then dips downwards and outwards under the ophthal- 
micns Buperficialis to supply the superior oblique muscle. I have 
been unable to find any sensory branch passing from this nerve in 
LcvmarguB^ and in no part of its length does it contain ganglionic 
cells. 

9. The Ahducens, — This iieiwo (9, fig. 1) has a striking resemblance 
to the anterior spinal nerves. It arises by three or four extremely 
slender rootlets which are in a line with the rootlets of the oculo- 
motor in fi*ont and the spinal nerves (ventral roots) behind. The 
rootlets unite to form a trunk which at first lies midway between tbe 
auditory and glossopharyngeal nerves. The trunk proceeds forward 
aud perforates the cranial wall to reach and supply the external rectus 
muscle. The abducens nerve, like the oculo-motor and trochleoris, is 
devoid of ganglionic cells. It cannot be said to be specially related to 
the facial complex — to form as has been suggested its motor root. 

10. The Auditor ij Nerve* — The auditory nerve (10, fig, 1) lies imme- 
diately behind and slightly ventral to the common root of the ventral 
portion of the facial complex. It runs outwards behind those nerves 
and enters the same cranial canal and at onoe divides into branches 
for the auditory apparatus. Although there is no distinct swelling, 
the ]*oot, some distance from its origin, is crowded with ganglionic 
cells. 

11. The OloBsopharyngeal Nerve* — This nerve (11, fig. 1) hqs been 

long considered one of the most primitive and typical of the cranial 
nerves. It arises from the side of the medulla in front of and in a line 
with the rootlets of the middle portion of the vagus, but under cover 
of tbe anterior portion of tbe vagus. The number of rootlets varies, 
but there is usually one largo rootlet and two or three slender ones, and 
it receives a twig from one of the rootlets of the anterior portion of 
the vagus. The rootlets together forth a small rounded nerve, which 
passes backwards and outwards through a special canal under the 
auditory capsule to reach and give two large lu'anches (pre- and post- 
branchial) to the walls of the first true branchial cleft and a small 
brandy (pharyngeal) to the pharynx. When midway through the 
walls of the cranium it presents a distixid^ twelling which is crowded 
with ganglionic cells. Immediately the ganglion a small 

dorsal branch takes its origin, l^hich passes upwards through the 
cranium to reach the skin over the auditory region. Apparently this 
dorsal branch does not assist in supplying either mucous canals or 
Mnsdry tubes. 
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The Vagus Comjdex . — The vagna has been long held to represent a 
largo nnmberof nerros which, in most vertebrates, grad nallj coalesced 
as the branchial region became reduced in size or otherwise altered. 
Balfour states that the vagus arises in Blasmobranchs by four gan- 
glionic roots, while more 'recently Beard and van Wijho agree in 
describing the vagus as first appearing in the form of an uusogmonted 
band which later blonds with an epiblastic sensory thickening above 
the four postenor branchial clefts. The nerve foi* the second true 
branchial cleft is said, at nn early period, to separato from this mass 
and develop a ganglion. Later tlie three posterior branchial nerves 
appear, but for these it is said there is usually only a single ganglion 
which, however, ventrally “shows a division into three j)ortion8.’* 
While the anterior portion of the vagus is described as supplying the 
second branchial cleft, the nerve to the lateral line is describod as 
arising us a secondary formation from the epiblastic sensory thirkon- 
ing above mentioned. The lateral line nerve is nsnally described us 
springing from the common trunk, but Balfour, impressed with the 
importance of this nerve, says it “ may very j'robahly be a dorsal 
sensory branch of the vagus.’* That this surmise is practically correct 
will appear from what follows. 

In liijemargus the vagus compifjx (12, fig. 1) arises by numerous 
rootlets disposed in three sepai'ute groups, an anterior group including 
two or three rootlets, a middle consisting of over twenty, and a pos- 
terior group of five or six rootlets. Hitherto the anterior portion of 
the vagus lias been usually spoken of as Vagus I, or tby ncire of the 
second branchial (first vagus) cleft. lu Lcemargus the anterior divi- 
sion of the vagus appeal's to bo almost entirely concerned in supplying 
the muoons canal of the lateral line, and hence it may be known as 
the lateralis nerve, or nerve of the lateral line. Its right to bo con- 
sidered as a special nerve becomes all the more evident when it is 
mentioned that in some, if not all cases, it presents a ganglionic swell- 
ing. The lateralis nerve (1, fig. 1) seems in many respects comparable 
to the ophthalmicus superficialis of the facial complex, and like this 
latter nerve it springs from the side of the medulla on a higher level 
than the other diTisions of the group to which it belongs. In several 
oases 1 have found it arising by one largo I'oot and a small accessory 
rootlet dorsal to and slightly in front of the roots of the glosso- 
pharyngeal. Having sent a twig from its small rootlet to the glosso- 
pharyngeal, it extends backwards to enter and traverse with tj^e rest 
of the vagus the long cranial canal that runs backwards and out- 
wards behind the auditory capsule. Soon after entering the canal ic 
seems to blend with the rest of the vagus, but with care the whole or 
at least most of the fibres springing from above the glossopharyngeal 
oan be shown to be directly continuous with the nerve of the lateral 
line. Soon after entering the canal it gives off a slender branch which, 
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leaving the lateralis, arches upwards to supply the anral. mucous 
canal and the anterior portion of tho canal of the lateral line. Before 
escaping from the cranium the lateralis gives off another slender 
branch which is distributed to the succeeding portion of the lateral 
line. The rest of the lateral line is supplied by numerous slender 
fibres which spring from tho lateralis as it passes backwards towards 
tho tail. 

In addition to the lateralis there are five other nerves in LccniarguHy 
belonging to the vagas complex, viz., an intestinal and four branchial 
nerves. The first brancliial nerve (the Yagua I of most authors), 
which is made up of the rootlets which lie immediately behind the 
root of the glossopharyngeal nerve, lies at first in close contact with 
the lateralis. This nerve (2&, fig. 1) presents a distinct ganglionic 
swelling as it passes through tho vagus canal. Before escaping from 
the canal it breaks up into the three characteristic branches — post- 
and pre-branchial and pharyngeal. The three posterior brancbials 
(3 — 5 b, fig. 1) and the intestinal (i, fig. 1) are derived from tho 
common trunk. This trunk contains numorous ganglionic cells. In 
a largo fish the oompouiid ganglion (^, fig. 1) may reach a lengtli of 
six ur seven inches. Each of the branchials gives off the throe 
usual branches, while the intestinal passes backwards towards the 
intestine and other structures. From tho common trunk three or 
four slender filaments which extend outwards at a deeper level than 
the branches of tho lateralis may represent dorsal branches of the 
posterior branchial nerves. It may be added that the vagus complex 
has no ventral roots; the so-called ventral roots of the vagus re- 
present spinal nerves which have probably lost their posterior roots. 
In their distribution these nerves (1 — 2 sp., fig. 1) agree with spinal 
rather than with oranial nerves ; two of them penetrate the occipital 
region of the skull on their way to the surface. 

II. Tibe Cranial Nervas of Baia batis. 

The crania} nerves of the skate, with the exception of those belong- 
ing ie the vagns complex, closely resemble the corresponding nerves 
of LcBmarguSf hence, with the exception of the vagus, little more is 
nf^oessary in the meantime than a short reference to their respective 
ganglia. 

1. The Ophthalmicus profundm.—The root of this nerve (1, fig. 2), 
in BaifiL is more intimately connected with tho root of the trigeminal 
than in Lmmargus, The position and relationa^f the ganglion are of 
special interest. In Lcema/rgus the ganglion of'^ihe ophthalmicus pro- 
fundus was situated some distanoo behind, and it had no connexion 
with, the oculo-motor nerve. In Baia the ganglion of the ophthalmicus 
profundus lies some distance in f^nt of the Gasserian ganglion, partly 
under oover of the rectus superior muscle and over the de^ branch 
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df tlie ocalo-moior. Further, the ciliary nerves, instead of springing 
from the trank of the nerve some distance in front of the ganglion, 
as in hoBmarguSf usually spring from the under surface or outer 
margin of the ganglion, and hence the branches (ciliary) of the 
oculo-motor nerve, in passing to join the ciliary branches of the pro- 
fundus, have to pass under the ganglion of the opiithalmious pro- 
fundus ; the ganglion of the ophthalmicus profundus thus seems to 
bo in a sense connected with the oculo-motor nerve, which doubtless 
explains why so many observers have described the ganglion of the 
ophthalmicus profundus as belonging to the oonlo-motor. Were the 
root and trunk of the ophthalmioua reduced to slender filaments, the 
conditions found in some of the higher vertebrates would be arrived 
at, and the ganglion of the ophthalmicus profundus would appear to 
belong to the ooulo-motor rather than to a brauoh of the trigeminal 
or an entirely separate nerve. 

The oculo-motor, pathetic (2, 8, fig. 2), and abduoens resemble the 
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corresponding nerves in LcBmargus, and» as in LcBmargtUf tJliej never 
present ganglia in any part of their oonrse. 

There ia the nsnal ganglion on the trigrainal nerve» and this nerve 
(3| fig. 2)i ns in Lamargust divides into maxillaxy (3', ftg* 2) and 
mandibnlar (3", fig. 2) branches, and sends a snp^cial ophthalmic 
branch to the snout along with the ophthalmious saperficialis of the 
facial. The facial complex, again, consists of four nerves, via.: — (1) 
the ophthalmicoB saperficialis (4, 6g. 2), with a large ganglion, which 
lies immediately above and in front of the Gasserian ganglion ; (2) 
the buccal (5, fig. 2), with a ganglion lying over the origin of the 
mandibular branch of the trigeminal; (8) the palatine (6, fig. 2), 
(with an indistinct root containing ganglionic cells) which gives off 
palatine and prespiracular branches, and a branch which extends 
outwards to unite with fibres from the hyomandibular and bend 
lonnd the hyomandibnlar cartilage, and eventually reach the floor of 
the mouth behind the mandible, thus resembling the chorda tympani ; 
and (4) the hyomandibular nerve (7, fig. 2), which is chiefly distri- 
buted to mucous canals and the ampuUes of sensory tubes. To the 
hyomandibnlar a large bundle of fibres is oontrihuted, as in Lcemanji^s, 
from the upper border of the ophthalmicus saperficialis. 

I^ho auditory nerve (10, fig. 2) lies in contact with the hyoman- 
dibular, and him numerona ganglionic cells in its root. 

The glossopharyngeal nerve (11, fig. 2) runs forwards from under 
the root of the lateralis nerve, and, bending backwards, passes out. 
wards through a canal which opens into the floor of the cavity of the 
auditory capsule. Passing through the cavity of the capsule, the 
nerve next penetrates its outer wall, and at once expands to form a 
large oval ganglion, from which the usnal branches take their origin. ' 
A dorsal branch, which reaches the surface of the head, does not seem 
to supply any portion of the oooipital or aural mucous canals. 

The vagus complex (12, fig. 2) in some respects seems to be more 
primitive in the skate than in any other Elasmobranoh. It may be 
said to consist of six nerves, all of which can bo readily distinguished, 
and eabh nerve presents a distinct ganglion. These nerveo'SEpe (1) the 
lateralis (^ fig. 2), which springs by a special root above and in front 
of the glosBophaiyngeal nerve. The ganglion of the lateralis varies 
in position, being sometimes situated nearly two inches beyond the 
point at which the nerve issues from the oroninm, in other oases 
only half an inch from its point of exit. A slender branch arising in 
the vagoa canal arohos upwards to supply the anterior portion of the 
canal of the latend line, the aural, and^port of the occipital mucous 
cpnalB. The main trunk of the lateralis is distributed to the rest of 
the canal of the lateral line and to the posterior plenrsl canal. 
(2.) The branchial nerves. The first three branchial nerves 
(2*^4 b, fig£»j^~ acquire an independent existence almost as soon as the 
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▼agufl escapes from the oraniam, while the fourth (5 5, fig. 2) is 
united with the intestinal nerve (i, fig. 2) until the level of the lUth 
branchial cleft is reached. In each of the three anterior branchial 
nerves the ganglion is situated within a short distance of the point of 
bifurcation into the post- and pre-branchial branches. The ganglion 
of the fourth nerve lies in contact with the common trunk from 
which it spi-ings. (3.) The intestinal nerve (t., fig. 2) passes back- 
wards, and has its ganglion immediately beyond the point where it 
separates from the last branchial. Sometimes one (1 «p., fig. 2), or 
two ventral roots of spinal nerves arise under cover of the roots of the 
vagus and escape through the occipital region of the cranium, but as 
in Lmmargus they never unite with any of the fibres of the vagus, and 
there is no reason for considering them as ventral roots of the vagus 
complex. 

I am indebted to Mr. Sim, naturalist, Aberdeen, for tlie specimens 
of Lcemargvs required for the investigation. 

The following list includes the more important papers and works 
referred to ; — 

• 

Balfour. * A Monograph of tlie Development of Elasmobranoli Fuhei.’ 

* Comparative Embiyology.’ 

Beard. Sense Organa of l^thynpsida,’* * Quart. Joum, of Mioroso. Scienee,’ 
1886. 

** The Ciliary and Motor-oouli Ganglion and the Ganglion of the Ophtbal* 
miouaprotuudus in Sharks/* *Anat. Anzeiger/ 1887, Nr. IS— 19. 

"The Development of the PeiipheraL Nervous System of Vertebmtet/' 

* Quart. Joum. Mioroso. Boienoe,* October, 1888. 

Broriep. ' Annt. Anzeiger,’ vol. 2, 1887. 

Qarman. " On the Lateral Canal System of Selachia and Holocepliala," ’ Bulletin 
Mua. Comp. Eool., Canibiidge, Mass./ vol. 17, No. 2, 

GaskeO. ** On the Relation between the Stnioture, Function, and Distribution of 
the Cranial Nerves/* * Boy. Sue. Proo.,* vol. 43. 

Gegenbaur. '* Die Kopfnerven von Hoxanchus,** ' Jenoische Zeitsohrift/ vol, 6. 

"Die Metamerie dcs Kopfes und die Wirbeltheorie des Kopfskeletes,” 

* MorphoL Jalirb.,’ vol. 18. * 

Jaokwm and Clarke. ** The Cranial Nerves of Echinorhinus spinosus,' * Journal 

of Anat.,* vol. 10. 

Krause. " Uober die Doppelnatur des Ganglion ciliore,** * Morphbl. Jahrbueh/ 
vol. 7. 

Manhall. '* On the Omnial Nerves of So^lUum/' * Quart. Joum. Microao. Science/ 
1881. 

" The Segmental Value of the Cranial Nerves,*' * Journal of Anatomy,* vol. 16. 

Schwalbe. " Das Ganglion ooulomotorii," * Jenaisoho Zeitsofarift,' vol. 13. 

Stannins. * Das Peri^eiisobe Nervet^ystem der Fische,* Rostoek, 1848. 

van Wijhe. " Ueber d. Mesodormsegmente, and &ber die Entwioklung dor 
N erven dee Belaohier-Eopfes/* Amsterdami 1882. 
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Ajynl 4, 1889. 

ProfesBor G, G. STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The Right Hon. Baron Henry do Wonufl, whose certificate had been 
snspoTidod as required by the Statutes, was balloted for and elected a 
Fellow of the Society. 

The following Papers wei *0 read ; — 

1. “On tlie Magnetic Inclination, Force, and Declination in 
the (Haribeo Islands, West Indies.'^ By T. E. ThoRPE, 

* Ph.D., F.K.S. Received March Ifi, 1889. 

The following detonninutions of the magnetic elements among the 
Caribees or Windward Islands were made in August, 1886, on the 
occasion of the Eclipse Expedition of that year to Grenada. 

The instruineiits employed were magnetometer Elliott No, 61, and 
Dip Circle Dover 83, belonging to the Science and Art Department. 

The method of observation was similar to that adopted in the 
Magnetic Survey of the British Isles for epoch January 1st, 1886, for 
which these instruments were also employed. 

I. St. OsoBGii:, Qrgkada. 

Station: Near the watering-place and close to the edge of the 
southern shore of the harbour. 

Lat. 12^ 2' 52" N. Long. 61® 44' 35" W, 

Indination, 

Needle I. Needle H. 

Aug. 13, 1886 (2.46 to 4.10 p.mO . . 40® 63*8' .... 40* bb ff 

Horisontal Force, 

(a) Deflectiems. 


Temp, II Observed deflectioni. 

29*r 14“ r48*5" 

5" 53' 41'2" 


Aug. 13, 1886. 
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(6) Vibrations. 


Temp. 

Aug. 13, 1886. . . . 32*6“ 


Time of one vibration. 


3*0540 *5ecs. 
3*0537 „ 


Mean = 3 0538 secs. 


m = 0 *00103109. H = 3*1093. 


"Declinaiion. 

(a) Geographical Mondian. 

Local appt. time 
of paHHAgo of 

0 centre. Convefc. for Gcognipliical 

lir. 111 . e. O alt. mirror. incridmn. 

Ang. 13, 1886, . 4 33 29 ... . 23*^ 40' ... . -0*1 ... . 252“ 14' 


(h) Magnetic Meridian. 

L.M T. Hognetic 

hr. m. Torsion. murid uiii. 

Aug. 13, 1886. ... 4 14 .... - 0*4' .... 202“ 55*9' 

II. Roa Island, Bay OF Claukes Court. 

Station : Site of Eclipse Station; on a creek on the eastern side of 
the Island. 

Lat. 12“ 0' 40" N. Long. 61° 43' 45" W. 


InclinatiOfb, 

Nrodlol. Needle 11. 

Aug. 25, 1886 (10.30 to 12.10). ... 41“ 14' .... 41" L* 2' 


llorizmial Force, 
(a) Deflections. 

Temp. 

Aug. 22, 1886 (11.5 to 11.31). . 29*7“ 


Obsorvod deflections. 

. . . . 14“ 8' 38-7" 

5“ 54' 13 7" 


Aug*. 22, 1886 


m 


(5) Vibrations. 


Temp. 
288° ... 


Time of one Tibnition. 

3*0573 secs. 1 amta 

3*0582 „ 


S 0-00102963. E 31000. 


2 0 2 
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Declination. 

(a) Goographical Meridian. 

Local appi. time 
of pOHcage of 

centre. Coiroot, for Geographiral 

hr. m. B. 0 alt. mirror. meridian. 

Aug. 22, 1886. . 2 47 27 .... 4^40' .... -OS .... 19* 58*9'. 

(b) Magnetic Meridian. 

L.M.T. Mit^etic 

hr, in. Toriioi), meridian. 

Aug. 22,1886.... 10 9 .... +0*1' .... 20" 50*3' 

As the island of Grenada is highly volcanic in parts, it is not 
improbable that the observations may b& affected to some extent by 
local disturboiiGo. 


III. Island of Caeriacou. 

Station : On the shore of the bay on the southern end of the island. 
Lat, 12“ 27' N. Long. 61“ 29' W. 


Temp. 

337“ 


Ang. 23, 1886. . 

(4 hr. 38 m.) 

m = [0*00102903]. 


Horizontal Force* 

Vibrations. 

Time of ono ribration. 

• 3*0723 secs. 

3*0735 

H = 3*0771. 


ecs. 1 

99 J 


mean = 3*0729 secs. 


I^GC^mafton. 

(a) Geographical Meridian, 

Local appi. time 
of poMOge of 

0 centre. Correot. for Ooographtoal 

hr. m. B. O ait. mirror. meridian. 

Aug. 23, 1888., 35 : 349 ..., 32“ 54’ .... +0*1 .... 148“ 52*2’ 


(b) Magnetic Meridian. 

L.M.T. lagiiHio 

hr. m. Torsion, meridian. 

Aug. 23, 1886..,. 4 27 .... 0*0' .... 149“ 8*5' 

The observations at Carrigoou were much interfei^d with by rain, 
and no '"determinations of dip were potoible. The moment of the 
magnet has been assamed to be that determined at Hog Island on the 
pte\ioasd^ 
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The reaalts may be thuB Bummariaed : — 


Station : Aug., 1886. 

Inolinotion. 

Force. 

i 

1 

Deolination. 

Horizontal. 

Total. 

Sfc. O^rge, dratukdA ....... 

40 64'-7 

41 U'l 

i 

8 1003 
3*1000 
8*0771 

1 

4*1144 

4 *1223 

0 4l' r> E. 

0 61 5 K. 

0 10 3 K 

Hog liland, Q-rpntida 

Island of Carnacou 



II. “ Experiments on the Resistance of Electrolytic Cells ” By 
Capt. H. R. Sankey, R.E. Communicated by W. H. Prerge, 
F.R.S. Received March 21, 1889. 

(Abstract.) 

It was observed during the course of some experimonts on the 
electrolytic deposition of copper that the resistanco of the electrolytic 
cells employed was gi*eater tho lower the cuiTent density, and the 
experimonts described in this paper wore undoriaken to inquire movo 
definitely into the matter. 

Many physicists have already observed the same effect, and have 
ascribed it to a resistance at the junctions of the electiH)des with the 
electrolyte, and called it transfer ” resistance. 

In those experiments a prismatic olectro lytic cell of triangular 
cross-section was employed, and the area of the electrodes was equal 
to that of the ci’oss-section of the liquid. The oioctrodes experimented 
with were electrotype copper, lead, zinc, and platinum, and the 
electrolytes, solutions of CuSO^ of various sp. neutral and 
acidulated, of ZnS 04 , MgSO^, NaCl, Na^COj, dilute Ac. The 

electrodes were placed at diffcieut distances apart, but in general hod 
an area of 50 square cm. 

All the measurements were made by noting the swing of a 
Thomson’s reflecting galvanometer, used as a potentiomotcT, and 
standardised before each trial by means of a Clark's coll, 

Tho current was measured by observing tbe potential difference 
across a known resistance. 

The F.D. of the cell was proportional to the swing of tho spot of 
light. 

Tho counter E.M.F. was obtained by taking the swing on breaking 
the circuit, tbe galvanometer being connected across the tei'minals of 
the cell ; but this swing is not proportional to the C.E.M.h\ existing 
in the cell whilst the circuit is completed. Readings were, there- 
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for»i taken to obtain the {all of the O.ILM.V. on fareakbg tbe 'eiroai^ 
ao as to obtain the correction to be applied to the reading. TUb 
oorreoiion waa found to very considerably according to the eleotrodea 
and the electrolytes ; with acidulated CUSO 4 aolutiona and electro^ 
type copper dectrodes it varied from 3 to 15 per cent. 

A variety of tests wore made to ascei'toin what degree of dep^ud^ 
enoe could be placed on those measurements of O.B.M.F.^ because^ of 
coursoi on them the whole matter rests. Probably the most oon- 
clasive of these tests was the measarement of the resistance (by the 
method employed in these experiments) of an arrangement, oonsist* 
ing of a box of coils and of an electrolytic cell of very large area, 
whose resistance might be neglected, but which supplied a C.B.M.F. 
The measured resistances agreed, within 2 per cent., of the resistance 
unplugged in the box. 

The conclusion come to is that the O.B.k[.F. was determined with 
^ fair de^e of accuracy, sufficient to show the existence of a transfer 
resistance. 

The resistance of the electrolyte itBeJf was measured in some cases 
by finding the P.l). across two cross-sGctions of the liquid, by means 
of fine wires dipping into the liquid at a known distance apart. This 
resistance was found to be (as might be expected) independent of 
the current density. 

Deducting the resistance of the electrolyte as thus obtained from 
the resistance of the cell gave the ** transfer ” resistance. 

In commencing each trial a cuiTent of about 2*7 milliampdrea was 
passed through the cell for some time, which was found to increase 
the resistance of the cell up to a limit depending on ilie previous 
history of the electrodes. 

The cun-ent was then increased by appi*oxiinately doubling it eaob 
time until it reached about 370 milliamp^res. It was found that as 
the current increased the resistance diminished, rapidly at first, more 
slowly afterwards (set A). 

After applying the 370 milliamp^res current, the ourrent was 
again suddenly reduced to about 2*7 znilliaznp^res, and it was found 
that the resistance had become much smaller, but that it immediately 
began to inorease again, somewhat rapidly at first (set B). 

A few minutes afterwards the current was again increased/ as in 
set A, and the resistance was found to diminish as the ourrent' 
increased, but more slowly than in set A (set C). When a current 
of 370 milliamperes was reached, the 'i^esistance in both set A and 
set 0 were practically equal, and the transfer resistance was small. 

The figure shows one of the trials with acidulated CaSO^ solution 
and lead electrodes. The sadden rise in the resistance (set A) 
occurred at the moment the cathode became covered with copper. In 
tliis figure the thick line ahowa set A, the thin lino set C, and the 
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dotted lines the resistnnce of the electrolyte obtained during set A and 
HOti C. 

• A groat many trials were made, some fow of which are given in the 
paper. All give evidence of a transfer resistance diminishing as tlie 
carrout increases. 

The view is expi'essed that the transfer ** resistance is mt duo to 
a non-oonduetiug layer being formed on one or both electroiles, since if 
such were the case the resistant^e would increase os the cuiTent in- 
creases, and would be greater after the application of a strong current 
than before. It is suggested that this transfer resistance may be due 
to some molocular interaction at the junction of tho electrodes with 
the electrolyte, offering a greater resistance to weak currents tban to 
strong, and tho redaction of the resistance after tho application of a 
strong cun'ent supports this suggestion, in that tho dihturbanco set 
up tho strong currents would probably last for some timo. 

A trial was made with acidulated CtiSO^ solution and electro- 
copper electrodes under identical conditions, with tho exception of 
. the area of the electrodes, which was varied. It was found that the 
transfer mistauco per unit area was sensibly the same for same 
current density. 

The effect ot temperature was also inquired into, but only to a 
limited extent. With weak cun*euta tho transfer resistance diminished 
very rapidly as the temperature increased, and at about 70° C. the 
transfer resistance was very small. 
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in. "llie Ferment Action of Bacteria.** By T. Laufiipi 
BauMTON, M.D„ F.B.S.. and A. Maovad^, M.A., B.Sc. 
Beoeived March ?8, 1889. 

[PubUofttion defemd.] 


IV. “ On the Limit of Solar and Stellar Light in the Ultra-violet 
Part of the Spectrum/’ By William Hu3I^in% 

LL.D., F.R S. Received March 28, 1889. 

[Publication deferred.] 


PresentSy Jpril 4, 1889. 

TransaotionB. 

Briabaue: — Royal Society of Queensland^ Proceeding. VoL 
Part 5. 8 to , BrxBham 1889. The Society. 

Brunswick: — ^Verein f Ur Natarwlsseusohaf t. Jahrosberielit. 1886-87. 

- 8 VO. Braunschweig 1887, The Vorein. 

BrnsBels : — Academie Royale de MMecine de Belgique, Mdmoires 
Couronn^s. Tomo IX. Faso. 1. 8vo. Bruxelles 1889. 

The Academy. 

Cambridge: — Philosophical Society. Transactions. Vol. XIV. 

Part 3. 4to. Cambridge 1889, The Society. 

Edinburgh : — Royal Society. Proceedings, Vol. XVI. No. 129. 

8vo, [Edinburgh'} 1888. The Society. 

Kieff: — Society des NaturalisteR. Memoires. Tome X. Livr. 1. 

[Russian.] 8vo. Kuff 1889, The Society. 

Leipsic: — KUnigl. Saclisischo Gesellschaft der Wissonschaften. 
Abhandlungon (Matli.-Phys. Classe). Bd. XV. Nos. 1-2. 
8yo. Leipzig 1^9; Berichto (Math.-Phys. Classe). 1888. 
Heft 1-2. Berichto (Pliilol.-Histor. Classe). 1888. Heft 3-4. 
8vo. Leipzig 1889. The Sooiely. 

London : — General Medical Council. Fourth Report of the 
Statistical Committee. 8vo. London 1888. The Counoil. 
Institution of Civil Engineers. Minutes of Proceedings. Vol. 

XCV. 8vo. London 1889. The Institution. 

Loudon Mathcroatical Society. Proceedings. Vol. XIX. Nos. 

838-842. 8vo. London [1889]. The Society. 

Kineralogical Society* Mineralogical Magazine and JournaK 
Vol. VIII. No. 38. 8vo. London 1889. The Society* 

^Pcsth : — E. Ungar. Geologisohe Anatalt. FUldtani Kozlony. 
Kotet XYIII. Fuzet 5-12. 8vo. Budapest 1888. 

The Institute. 
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Philadelphia: — American Philosophical Society. Proceedings. 
Vol. XXV. No. 128. 8^0. Philadelphia 1888 ; Catalogue of 
the Libraiy. Fart 4. Sro. Philadelphia 1884. The Society. 
Shanghai: — Royal Asiatic Society (Chins Branch). Joamal* 
Vol. XXll. No. 1. 8vo. Shanghai 1889. The Society. 


Allman (G. J.), F.B.S. Greek Geometry from Thales to Euclid. 8vo. 

Dublin 1889 The Author. 

Andrews (T.) The Sciontiflo Papers of the late Thomas Andrews, 
M.D., F.R.S. With a Memoir by P. G. Tait and A. Crum 
Brown. 8vo. London 1889. Mi*s. Andrews, 

Ball (Sir B. S.), F.R.S. On the Theory of the Content. (Excerpt.) 

4to. Dublin 1889. The Author. 

"Beast (Count von). Memoirs, written by himself ; with an Intro* 
duction by Baron Henry de Worms. 2 rols. 8 vo. Lmidon 1 687. 

Tho Baron de Woims. 

Burdett (H. C.) Burdett’s Official Intelligence. 1889, 4to. London. 

Mr. Burdett. 

Biitscbli (0.) Brouu’s Klassou und Ordnungen dos Thior-lleichs. 
Bd. I. Proiosoa. Abth. 1-2 (Lief. 55). 8vo. Leipzig 18^0-89. 

Dr. Butschli. 

Cayley (A.) The Collected Mathematical Papers of Arthur Cayley, 
Sc.D,, F.R.S. Vol. I. 4to. Cambridge 1889. Prof. Cayley. 
Christie (J.) The Medical Institutions of Glasgow. 8vo. Glasgow 
1888. The Editor. 

Christy (T.) New Commercial Plants and Drugs. No. 11. 8vo, 
London 1889. The Author. 

Dellingsbausen (Baron N.) Grundziige einer Vibrationstheorio der 
Natur. 8vo. Reval 1872. Dr. Bnintbu, F.R.S. 

Fitsgerald (R. D.) Australian Orchids. Vol. II. Part 3. Folio. 

Sydney 1888. Tlie Director, Kew Gardens. 

Garcia (T.) La Amalgamacidn Mcxicana. 8vo. Mexico 1888. 

Tho Author. 

GKlbert (J. H.), F.B.S. Results of Experiments at Rothumstod on 
the Growth of Potatoes, 8vo. Cirencester [1888]. The Author. 
Hartig (R.) Ueber die Bedeutung der Reservestoffe f&r den Baum. 

Leipzig 1888. With one other Excerpt. The Author. 

Helmholtz (H. von), For. Mem. B.8. Handbuch der Physiologischon 
Optik. Lief. 5. 8vo. Eamhurg 1889. The Author. 

Hiade (G. J.) On Archasocyathus (Billings), and on other Genera, 
allied to or associated with it, from tho Cambrian Strata of 
ITorth America, (Excerpt.) 8vo. London 1889. 

The Author. 
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Jacobi (A.) ContribatioBB to tbe Anatomy and Patbology of tha 
Thymus Gland. 8vo. Philadelphia 1886. The Author. 

Lewis (T. E.) Efligy Mounds in Northern Illinois. 8vo. 8t Faulf 
Minn. f^88. The Anther. 

Sharp (W.), IT.B.S. Therapeutics onght to become a Science. 
Essay 52. 8vo, JUnidon 1888; Therapeutics can become a 
Sotence. Essay 54. 8vo. London 1889. The Author. 

Siemens (C. W.) The Scientific Works of C. William Siemens, 
E.K.S. Edited by E. F. Bamber, G.E. 3 vols. 8to. London 
1889. Executors of the late Sir William Siemens. 

Wolf (K.) Astronomische Mitilioilungon. December 1888. 8 to. 

IZdrich']. Dr. Wolf. 


Photograph of the portrait of John Evelyn, F.E.S., in the possession 
of the Royal Society. Dr. Frankland, F.H.S. . 


April 11, 1889. 

Professor 6. G. STOKES, D.G.L., President, in the Chair* 

The Presents received were laid on the table, and thanks ordered 
for them. 

The Bakerian Lecture was delivered as follows ; — 

Bakerian Lecture. — “A Magnetic Survey of the British Isles 
for the Epoch January 1, 1886.” By A. W. KOcker, M.A., 
F.R.S., and T, E. Thorpe, B.So., Pli.D., F.K.S. Received 
(iu abstract) April 11, 1889. 

(Abstract.) 

Two magnetic surveys of the British Isles have been made previous 
to that of which an account is given in this paper. The necessary 
observations were taken between the years 1834-38 and 1857-02, and 
the results were reduced to the epoch 1842*5 by Sir E. Sabine (* Phil. 
Trans.,’ 1870, p. 265). The stations in those were very irregularly 
distributed over the area under investigation, tlie declination was 
determined at but few places, and the force in the earlier surrey was 
only determined relatively to London. 

Tn the fire years 1884-88, both inclusive, the authors have made an 
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exhatLStive Burrey of the United Kingdom. They have observed at 
200 principal and a number of secondary stations, and at all the 
principal stations, except three or four, all the magnetic elements 
have been determined. 

The two sets of instruments employed have been carefully com- 
pared with each other at the Kew Observatory in 1884, 1886, and 
1887, and are in remarkably good accord. All the obBcrvatiuiis were 
made by the authors except the dip observations at eight stations in 
Scotland, for which they have to thank Mr, A. P. Laurie, Fellow of 
King’s College, Cambridge. 

The ohroiiometers were frequently compared with Greenwich by 
means of the 10 a.m. time signal, for leave to receive which the 
authors are much indebted to the good offices of Mr. Preecc, F.H.S. 

The probable errors of the observations are as follows ; — 

Declination + 0'‘699 

Horizontal force ± 0*00028 (M.V.) 

Dip ±0'*51 

In this computation, only declination observations which are in all 
respects independent are included. The horizontal force observa- 

tions are also as independent as is possible for nearly simulfcaneons 
observations, and the dips compared are those taken with the two 
needles. 

The authors propose the name iaomagnetica for the class of curves 
which are drawn through points at which the values of one of the 
magnetic elements ai*e constant, aud in which isogonals, isoclinals, 
Ac., aix) included. 

To determinp the form of the isomagnetics, they divided the area 
of the survey into nine overlapping districts, and found for each a 
linear formula which connected the value of the element with the 
latitude and longitude. By means of this foniiula they calculated 
the value of the element at points where the lines of longitude corre- 
sponding to whole degrees east or west of Greenwich intersect lines 
of latitude which correspond to half degrees. Whei^ several 
districts overlap, the mean value was taken. From the values thus 
obtained at a series of points regularly distributed all over the 
oounti^, the isomagnetics were appioximatcly determined. The 
forms of these curves were slightly irregular, aud equations were 
framed to represent smooth carves which passed through their 
mean directions. These were the equations to the terrestrial or un- 
disturbed isomagnetics. 

These ore compared with those obtained in the earlier surreys, and 
the secular change is fully discussed. ^ 

The calculated values of the elements ye tlien obtained for every 
station, aud by comparing these with the observed values, the magni- 
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tnde and direotioiL of the disturbing force at each, station was deter* 
mined. 

It was found that the Malyern Hills attract the north pole of the 
needle strongly. 

The well-known fact that the difference of the declination at Kew 
and Oroenwich is mnch greater than the difference of longitude will 
explain, is found to be connected with a widespread regional mag* 
netio disturbanoe within the area of which these observatories lie. 

Several methods of argument all point to the oonolusion that the 
centre of this disturbance lies between Windsor and Beading, and a 
little to tho north and east of the latter town. Towards tliis point 
all the calculated disturbing forces in tho neighbourhood^ converge. 

The authors adopt, as a working hypothesis, tho view that this 
attraction is due to the same cause os that observed at the Malvorns, 
viz., the presence of igneous rooks, and they prove that tho range of 
tho disturbance extends from Kenilworth to the Channel, and from 
Salisbury to the North Sea, a total area of about 10,000 square miles. 

As the centre is approached the excess of the observed downward 
vertical force above that given by calculation increases, and it reaches 
a maximum at Reading close to the point which a study of the hori- 
zontal forces had indicated as the centre. 

Extending tho same method to the rest of tho country, though this 
has not been studied by thorn in tho same detail as south-eastern 
England, the authors prove (1) that tho results obtained on re-visiting 
the aatno station indicate that even in disturbed districts, the direction 
of the disturbing force can in general be doterminod by a single sot 
of observations to within 15^ and in most cases to within a much 
smaller limit ; (2) that the directions of the disturbing ferces were the 
same when Mr. Welsh surveyed Scotland in 1857 as they are now ; 
(3) that the horizontal disturbing forces tend towards districts in 
which tho vertical disturbing force is a maxnnum ; (4) that certain 
regiontf^tn which crystalline rocks occur display a marked attraction 
on the needle ; (.5) that in certain other regions, and notably iu lines 
running respectively from London to the Sonth Wales coal-field and 
from the Lincolnshire Wolds to the Lake Distriot, though no crystal- 
line rooks appear on the surface, magnetio attractions, similar to that 
observed near Beading, are in play, which indicate the existence of 
crystalline rocks at no great depth ; (6) that there are in Great Britain 
five principal regions of the two kinds referred to in (4) and (5), 
towards which tho horizontal disturbing forces act. Their positions 
may be defined approximately by means of the following lines, which 
pass through their ceutral parts, viz., («) the line of the Caledonian 
Canal ; a line somewhat to the west of the basaltic masses in the 
Western Isles; (y) 4 lineipossing through the Scotch coal-field, in 
which crystalline basaltic rooks occur ; (2) aline certainly parallel tO| 
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a&d poBsiblj coincident with, that abng which the Juraesio and 
Liasaio strata thin out Tory rapidly in south-east Yorkshire, and 
passing thence towards the Cumberland lakes ; (c) a lino the general 
direction of which coincides with that of the Palaeozoic ridge between 
London and the South Wales coal-field. 

The following Paper was read : — 

L ** Experirnouts on the Nutritive Value of Wheat M«al. ” By 
A. Wynteb BXiYTH. Conmjunicatecl by Dr, Laudeh 
Bbunton, F.R.S. Received March 30, 1889. 

A physician, who may be designated as A, undertook to lire for 
twenty -eight days on distilled water and whole meal Each day a 
certain quantity of the meal was ground by himself, weighed, and 
made either into cakes or porridge by means of distilled water. 

The excreta were forwarded to me for analysis. 

The experiment may be divided into three stages :-^l) A period of 
eight days, during which the insnfficient quantity of 16 ozs. (453*59 
grams) of whole meal was taken ; (2) a period of fourteen days, 
during which 20 ozs. (566*98 grams) of whole meal were taken ; (3) 
a period of seven days daring which 28 ozs. (793'77 grams) of whole 
meal were taken. 


General Physiological Effects* 

The condition of A was carefully tested by Mr. Randall 
Mr. Francis Oalton’s laboratory, before and during these periods. 

Condition before the experiment : — 

Weight in clothing 129 lbs. 

Strength of squeeze (right hand) 67 „ 

„ (left hand) 60' „ 

Breathing capacity 198 cub. in. 

Distance of reading diamond numerals (right 

eye) 9 inobes. 

Distance of reading diamond numerals (left eye) 7 „ 

Snellen's type, read at 20 feet distance D 60 

Highest audible note (by whistle) 19,000 vib. 

Reaction time (sound) 15* 

„ (sight).. 15* 

Error in dividing wii*e in half 0 p, c. 

^ ,, in thirds. 0 p. o. 

Error in degrees in estimating angle 90* 0* 

,1 tf « 60 11* 

* Rtsrtiffn tine for lound and eight in hundredthe of a second. 


at 
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At the end of the first period, during which the insufficient quantity 
of 16 OZ8. was taken, there was a loss in weight of 7 lbs., the breath- 
ing capacity seemed a little increased, but the tests showed no other 
marked deviation from the above. During tho second period, in 
which the meal was increased to 20 ozs., there was a farther loss of 
3 lbs. During tlie third period, when 28 ozs. were taken, this loss of 
weight ceased and a slight gain was recorded. 

During the whole twenty-eight days, A suffered, according to his 
own account, bat trifling inconvenionce : the bodily functions were 
regularly performed, the mental capacity unaltered; there was a 
marked absence of indigestion, the sleep was sound, and there was no 
deterioration of muscular power. On the other hand there was 
a marked decrease of sexual power as well as desire. The appearance 
of A during and at the end of tho experiment was not that of perfect 
health. The features were pinched ; there was slight ansDmia. 

The measurements and tests as determined in Mr. Francis Qalton*s 
laboratory were as follows ; — 



1 st period. 

2nd period. 

3rd period. 

Last day of 
experiment 

Weight in clothing 

Strength of Mqueezo, 

122 Ibi. 

llfl lb.. 

120 lb.. 

]20i lb*. 

right hand 

7« 

05 

74 

73 

Pitto, left hand 

68 „ 

V 62 .. 

68 

65 „ 

Breathing capaeif^V 

Pjfltanee of reading (dia- 

203 cub. in. 

190 cub, in. 

198 cub. in. 

189 cub. in. 

mondtype), riglu eje 

fl in. 

10 in. 

lOiji, 

9 in. 

Ditto, loft eyo 

Snellen's typo, read at 

10 „ 



8 ■ 

20 foot diNtance 

Highest audible note 1 

D60 

D60 

D60 

DGO 

(whistle) 

19,000 Tib. 

19,000 vib. 

10,000 Tib. 

10,000 Tib. 

Ration time (sound) . 

15* 

16* 

10* 

18* 

„ (sight) ... 

Error in dividing wiro in 

13* 

13* 

10* 

10* 

half 

Op. c. 

0 p. c. 

0 p. c. 


Ditto in tliirds 

Error in estimating 

1 » 

1 « 

1 » 


angle OCf 

X 

1 ;» 

0 


Ditto eef 

7 

10 

10 

b 



Analysis of Income and Output, 

The whole meal was analysed by ordinary methods, the nitrogen 
being; determined by Kjeldahrs process, the fat in a Soxhlet’s appa- 
ratus by exhaustion with petroleum ether. The feces were passed into 
strong redistilled meliiyl alcohol, dried, powdered and treated simi- 
* BcAotion time for found and tight in hundredths a aeoond. 
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lari 7 to tli6 whole meal. The nrixie was also treated bj Kjeldahl for 
nitrogen, the solid residue by evaporating several 5 o.o. in platinum 
dishes to dryness, and the phosphoric acid by the voluinetrio ui*aniam 
method. The following tables give the results : — 


First Period. Insufficient Supply of Whole Meal. 



Whole 
meal in- 

Daily excretion. 



gettted 

daily. 

Fa^cea. 

Urine. 


Dry Hubtilanco 

gnima. 
392 '36 

grams. 

4U 4 

grams. 

27-62 

-32i*33 

Nitrogen 

9-07 

1-72 

9*57 

+ 2-22 

Fat 

8-25 

2-62 

,, 

-6 *78 - 

AaU 

6 -94 

3*88 

4-38 

+ 1-32 

Pbcifiphoric aeid 

8-17 

1*5 

2*03 

+ O' 3(1 

Sulphuric avid 

0-27 

0*06 

1-46 

+ 1*24 

Chlorine 

• • 

•• 

1-06 

+ 1-06 


The table sliows that 82*6 per cent, of the dry sn Instance was 
assimilated, of the fat 69 percent, disappeared, 2*22 grams of nitrogen 
were excreted in excess of that ingestod, there was (practically) phos- 
phoric acid equilibrium, there were more salts excreted than taken in, 
and there was excretion of sulphii^ and chlorine, although th*' water 
taken as a drink and mixed with^ the food was distilled, and only a 
small quantity of un oxidised sulphur could bo detected in the flour. 


Second Period. Barely snfficient Ingestion of Whole Menl. 



Whole 
meal in- 

Dailjr excretion. 



geated 

daily. 

FiDces. 

Urine. 


substauoe 

grams 

400*44 

grams, 

47*6 

gnuns. 

20-16 

-413 *78 

Nitrogen 

11 84 

2*02 

9-75 

+ 0*43 

Fat 

10*31 

2*29 

, , 

-8*02 

Ash 

8*67 

8*7 

3*99 

-0*98 

Phoophorio acid 

8*97 

1*91 

1*95 

-0*11 

Sulphnrio acid 

0*84 

0 03 

1*71 

+ 1-40 

Chforine 

•• 

•• 

0*88 

+ 0*88 


84*3 per cent, was therefore digested of the dry substance, 77*7 per 
coat, of the fat had disappeared, there was (practically) nitrogenous 
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and pbosphoiio acid eqailibriam, and some amall latenMon of aalts. 
There was a daily ezoretion of snlphar and chlorine, the latter iu 
small amount only. 


Third Period. A sufficient Supply of Whole Meal. Arrest of Lose 

of Weight. 



Whole 
meal in- 
gested. 

£xoretion« 


Pvoes. 

Urine. 

Dry BubRtance 

680-62 

mm 

33 60 

-574*62 

Nitroiren 

16-87 


8-89 

-4*88 

Fat 

14-44 

9-24 

« « 

-6*20 

A*h 

18-04 

7-9 

3*33 

-0 86 

Phosphoric ficid • 

6-00 

8*6 

1*93 

-0*16 

bulpliiiric acid 

0-47 

0-17 

1*82 

+ 1*62 

Clilorino 

aa 

«« 

1-06 

+ 1*06 


During this last period there was retention of nitrogen. The phos. 
phatoa wore pretty well balanced, that is, ingestion was neariy equal 
to excretion, 83‘6 per cent, of the total diy substance was digested, 
but only .36 per cent, of the fat. It is to be noted that there was an 
undiminishod urinary output of chlorine and sulphur. 

The constant nndiminished excretion of sulphuric acid as sulphate 
the urine and a small quantify of unoxidiaed sulphur by the intes* 
tinal canal, although only traces were found in the flour Itself, 
rendered it desirable that there should be a control experiment upon 
some other person. Accordingly, an Oxford graduate, upon whom 
ereiy reliance could be placed, undertook to live for one week upon 
whole meal and distilled water. This gentleman will be referred to 
as 0. 

0 lived a sedentaiy life, was a slight build, and Sighed 187 lbs. 
at the commencement of the experiment. Ue took also each day a 
measured quantify of olive oil, the oil^being mixed with the whole 
meal and baked with it. The quantity of whole meal taken daily 
varied from 16^22 oss. The solid excreta of the last thne days only 
were collected for analysis, and the nrine of the last two days. 
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General Resulta of the Ingestion of Whole Meal by 0. 



Whole 
meal in- 
geoted. 

Excrerion. 


FoMee. 

Urine. 

Dry lubstanoe 

Nitrogen 

Fat 

(Olive oil) 

Aih 

Sulphuric acid 

Phosphono acid 

Chlorine, 

407*63 

11 33 
10*81 
(37*61) 
8*67 
0-34 
8-05 

• • 

28*88 

1*18 

3*68 

8-86 

l'-^ 

• • 

83-18 

10*30 

a a 

3 07 

0- 91 

1- 72 1 
0*07 

*-408 08 
+ 0*16 ' 

y -85 -34 

-1*66 
+ 0-67 
+ 0-09 
+ 0-07 


0» therefore, digested 88*1 per cent, of dry sabstance ingested; 
93 per cent, of the fat disappeared. There was (practically) nitro- 
genoas and phosphoric acid eqailibrium ; there was some retention of 
salts, perhaps to be attribated to the small quantity of liquid 0 drank. 
Salphor was exci*eted, although only traces were ingested, and the 
excretion of chlorine was small. 

At the end of the experiment 0 was in good health. He had lost 
a little in weight— 1*25 lbs. 

The importance of obtaining exact information of the nutritire 
powers of bread as the basis of ordinary diet need scarcely be accen- 
tuated. The quantities of whole meal consumed jpsr diem were, it is 
obvious, deficient in nitrogen, in fat, and in salts. Both of the 
gentlemen who undertook the experiment lived an ordinary town life, 
that Is, they daily took moderate exercise, but their parsuits involved 
no manual or haid labour, and therefore must be classed as sedentary ; 
but a less supply than 18 grams of nitrogen and 5 gi*acns of fat 
would not be likely to keep either of them for a long period in the 
highest health. The excretion of sulphate by the urine and of 
Uttoxidised sulphur by the bowel is interesting and demands still 
further experiment; oonsideriiig that sulphur is an essential com- 
ponent of albumen, too little attention has hitherto been paid to its 
study as a food, but it is obvious that once it is accepted that the 
external supplies of sulphur were cut off, the sulphur found must have 
been derived from sulphur stores in the body, with possibly a trifling 
amount condensed in the Inng from breathing London air. 

If the excretion by the bowel be considered waste, then on an 
average 15*6 per cent, of the total nitrogen in the bread or whole 
meal is not in an assimilable form ; about 37 per cent, of the flit is 
also not digested, and 51*8 per cent, of the ash also passes away. 

* Obtained hy enbtraofciag 407 '6$ 17 *51 (olive oil) from united reeidoe of 
fsees end urine. 
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The Society then adjoumed oirer the Baster Beoees to Thursday, 
Hay 2nd. 


Present, April 11, 1889. 

Transactions. 

Cftmbi*idge : — Philosophical Society. Proceedings. Vol. VI. 

Part 5. 8vo. Cambridge 1889, The Society. 

Liverpool ; — Astronomical Society. Journal. Vol. VII. llTo. 5. 

8vo. Liverpool 1889. The Society. 

London : — Clinical Society. Transactions. Vol. XXI. 8vo. London 
1888. The Society* 

Odontologicnl Society of Great Bi'itain. Traueacl.ions. Vol. 

XXI. No. 5. 8vo, I^don 1889. The Society. 

Royal Horticultural Society. Journal. Vol. XI. Pai*i 1. 8vo. 

London 1889. The Society. 
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The School. 
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Paris. ' The School. 

Philadelphia : — 'Academy of Natural Sciences. Proceedings. 1888. 

Part 3. 8vo. Philadelphia. The Academy. 

Salem, Mass. : — Essex Instituto. Visitors’ Guido to Salem. 8vo* 
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Observationa, Ac. {cdiUinuBil), 
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Second Series of Results of the Harmonio Analysis of 
Tidal Observations.’’ Colleoted by O. H. Darwin, LL.D., 
F.R.S., Fellow of Trinity Cidlege and Plumian Professor 
in the University of Cambridge. Received January 18, — 
Read February 7, 188y. 

A collection of results by Major Baird and myself has been already 
published in the * Proceedings of the Royal Society,’ No. 239, 1885; and 
the present paper brings together new results which lhave been able to 
collect since the date of that paper. I begin with some remarks on 
the sources of information, and on the observations at each station. 
A table of the latitudes and longitudes of the places of observation is 
prefixed to those of the harmonic constants. 

Dover, 

In the Second Report of the Committee of the British Association 
on the Tides of the English Channel and the North Sea” (1879), the 
following passage occurs : — 

*'The importance of an aocarate knowledge of the tides at Dover 
in particulajr, in connection with those of the entire English Channel, 
being soon made evident to the Committee, as well as the great advan- 
tage which would ensue from the establishment of a self-registering 
tide-gauge at that place, the matter was brought by the Chairman 
nuder the notice of the Board of Trade ; the request being further 
supported by the Lord Warden of the Cinque Po^, Earl G^nville. 
The Board of Trade received the request most fiftvourably, and con- 
sented to establish at their own expense a self-registering gange, at a 
site some distance down the Admiralty Pier, where a tide-well bad 
been made daring the original construction of the pier ; its connection 
with the water outside being at a level twelve feet below the low 
water of ordinary spring tides. The gauge, embracing Sir William 
Thomson’s latest improvements, has been constructed and erected by 
Messrs. A. Leg5 and Co., under the direction of Mr. Edward 
Druce, G.E., the resident engineer in charge of the Admiralty Works 
at Dover. It will remain, of course, in the bands of, and under the 
control of the Board of Trade,” 

In 1886 another Committee of the British Association, appointed to 
consider the tides of Dover, exhibited to the meeting’ the tide-onrves 
for Dover for the four years 1880*83, and it was stated that the 
Minister of Public Works of Belgium had presented to the Secretary 
of the Committee copies of the self^registored tide-curv^es for Ostend 
for several years. A comparison of the high and low waters at the 
two ports during one lunation is given in the Report of this Com- 
mittee, 
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Hr. J. M . Shoolbred, the Secrotary of both CommifcteeB, was instracted 
to intnist the carros to me, itt order that they might be enbmitted to 
hnrmomo analysts. He afterwards was so good as to obtain front 
Mr. Drnce the continnation of the Dover cnrves. As the redaction 
of the whole series of carves would have been very expensive, it was 
determined that only the curves for 1883-4-5 should be treated ; these 
years were selected because there was reason to suppose that the 
ourves were more accurate than the earlier ones. 

To meet the expense of the reduction, Sir William Thomson obtained 
£50 from the Royal Society Grant, and this snm was afterwards 
handed to me. The amount would, however, have been altogether 
insufficient if Major Baird bad uot interested himself in the matter, 
and introduced me to Mr. E. Connor, of the Tidal Department of the 
Survey of India. Mr. Connor then generously offered to devote bis 
spare time to the work, and undertook the superintendence of the 
native computers at Poona. The roductions of three years of Dover 
carves, and of the same three of Ostend curves, have been made with 
all the thoronghnesa and care of the Indian work. The computations 
themselves are now in my hands, and the carves have been retnmed 
to Mr. Shoolbred. 

The tidal record was frequently interrupted at Dover, for there are 
34 days wanting in 1888, 57 days in 1884, and 72 days in 1885. The 
gaps arb only of a few days at a time, except from September 24 to 
October 26, 1885. 

The zero of the Dover gauge is said to be 8*67 feet below the 
Ordnance datum, and therefore 1183 feet above the “international 
datum," which is stated in the British Association Report (1879) on 
Levels to be 20'00 feet below English Ordnance datum. 

The redaction of the tide carves shows that the moan sea level at 
Dover was, in 1883, 0*52 foot; in 1884, 0*46 foot; and in 1885, 
0*21 foot above Ordnance datum. 

The French Nivellement G^nSral is 2*625 feet below Atlantic 
M.S.L., and 1*992 foot below Ordnance datum. Hence Atlantic 
M,S.L. is 0*633 foot above Oi'dnancc datum. Thus Dover M.S.L. 
was, in 1883, 0'll foot ; in 1884, 0*17 foot ; and in 1885, 0*42 foot below 
Atlantic M.S.L. 

It appears from the Ostend onrves that Ostend M.S.L. was, in 1883, 
0*25 foot ; in 18S4, 0*37 foot ; and in 1885, 0*21 foot above Ordnance 
datum, and therefore in 1883, 0*38 foot; in 1884, 0*26 foot; and in 
1885, 0*42 foot below Atlantic M.S.L. Thus Ostend M.S.L. was 
below Dover M.S.L. hj 0-27 foot in 1888; by 0 0^ foot in 1884; and 
they were the same in 1885. By reference to the Atlantic M.S.L. we 
see that by far the larger port of these remarkable oscillations depends 
on Dover. 

Bat it is nearly incredible that the sea at Dover should have been 
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M much AS .S| inches lower in 1885 than in 1883^ and I do not believe 
that the numbei*8 are accorato. 

Tbi» opinion i« confirmed by even a casual examination of the resnlts 
of the hainaionic analysis at Dover, the observations being obviously 
bad ; for we may, 1 think, reject the supposition that both the tide 
and the mean sea level at Dover are actually far more in'egular than 
at any other port. 

In order to test the Dover results, I have found the mean error 
(according to the method of least squares) of the phases of the several 
tides from the three years tabulated. I have then rejected as worth- 
less all those tides in which the mean error of phase amounts to 
30^. By this criiorioTi the tides Sq, 8^, J, Q, T, 2SM, and 

all the tides of long period arc i^ejected, and many of those retained 
will bo seen to bo really very bad. 

Thus the mean errt^r of phase of is 7^*3, and of Sg, 9** ‘5. The 
physical meaning of this is, that it is an even chance that the principal 
lunar high water occurs within a specified 20 minutes of time, and 
that the principal solar high water occurs within a specified 
25 minutes. With fairly good obsorvations these periods should, from 
throe years of observation, be about 4 or 5 minutes for the lunay 
tide, and 8 or 10 minaU'^s for the solar tide. In the case of the tides 
at New York, tabulated below for three years, it is an even chance 
that lunar high water occurs witliin a specified minutes, and solar 
high water within a specified 6^ minutes. 

The Osteud resulfs were treated in the same way as the Dover ones, 
and com para very favourably with them, althongh not, I think, of 
the highest order of perfection. 

It may thus be safely concluded that the observations at Dover have 
been very badly made.* 

It is a pity that an expensive instrument should have been installcdi 
and that its records for many years should be rendered valueless by 
the want of proper supervision. 

1 publish the results, however, for whst they are worth. 

The phases of the several tides are referred to Greenwich time. 


Ostend, 

I have no information as to the manner in which these obsarvations 
were taken, but, as stated above, the curves were presented by the 
Minister of Public Works of Belgium. The Ostend M^.L. was staled 
in ooQsidoring the Dover carves. The aero of the tide gauge is 
8*17 feet above the iniematiosal datum. There were many intermp- 

* Oaptain Wharton, R.N., ii of opinion that tfie situation of Borer is snoh thst 
the tides are likely to be irresiilsr there. I cannot, however, believe that thft 
sflevdsS'MfBeicnieKplsaakkmsf tiwim|ulirilyof febeMsirit^^ 1869. 
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tioni in the working of the gauge, the gape being 64 daya in 1883, 
64 dajB in 1864, and 14 days in 18^. 

It has already been remarked that the Ostend observations were 
apparently well made, although, perhaps, not of the very highest 
pt*i;f6etion. 

The results are referred to Ostend local time. 

* EsUgoland, 

The results for Heligoland are taken from Dr. Bdrgen’s paper on the 
Tides of South Georgia and Kingua- Fjord,* where they are given inci- 
dentally as a moans of testing a proposed method of redaction. The 
observations appear to have been made in 1882, and the reductions 
wore, 1 believe, made by Dr. Borgen. The heights were given in 
centimetres, but have been reduced to feet. 

Coyenhojgen^ Nanortalik, Angmagsaliky Gadthaah, 

I owe these observations to Dr. Crone, of Copenhagen, by whom, I 
believe, the redactions were performed. 

The observations at Nanortalik and Angraagsalik wore made by a 
Danish Expedition between 1883 and 1885. At the latter station tbo 
observatioDS were very short, and Dr. Crone has only attempted to 
determine tbo mean lunar interval of 4 h. 6 m., or « of M^. 

The heights were given in centimetres, but have been reduced to 
feet. 

The observations at Qodtbaab were made by the Danish Polar 
Expedition of 1882-3 ; they extended from July 16 to August 31, 
1883. 

Df. Crone has written a paper entitled Flux et Beflux de la Mpr 
k Qodthaab.’* 


South Georgia and Kingua^Fjord. 

These observations were made by the Arctic and Antarctic expedi- 
tions of the Oerman Government. The observations in South Georgia 
were made with a self-registering tide-gauge, those at Kingua-Fjord 
by the oftoers of the ship. The observations were reduced by Dr. 
Borgen, of Wilhelmshaven, and further information will be foui^d ip 
^ paper referred to above* 

The gauge was erected in South Georgia in January, 1883, and was 
in operation until the end of Aprih when it was put out of order by 
beayy weather. The observations began again on 2lBt May^ and 
continued until 2nd September, prith breaks of only a few hoars or of 
a )day caused by ice. The means of the values derived from the two 
of obwvation are given below, 

* ‘ Srpsnit-Abdniok out dem PeuUoben PoUiwerlUL/ Aibsr, BedSSb 
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At Kingna-Fjordf the head of the expedition, Dr. Oteee, charged 
M. Hdhleieen with the duty of xnaJcing the obeerrations. The 
observations began on 22nd Julj at 6 A.M., and continued until Ist 
Soptemborf 8 p.m., a period of 41 days. The height of water was 
observed every two hours, and also every five minutes about high and 
low water. From these observations a continuous tide-curve was 
formed which was treated by harmonio analysis. 

Dr. Borgen informs me that the values of « for the diurnal tides 
Kj, 0, P, as printed in his paper, require correction by 180*. This ^ 
arose from the fact that the observations, as subjected to reduction, 
began at midnight. The correction has been made in the table bej[ov/. 
The heights are given in metros by Dr. Borgen, but have been reduced 
to feet. 

Kerguelen Island. 

These results are from a letter of Dr. Borgen to me, dated July 22, 
1887. He writes: — 

have just finished the caloulatton of the tides at Keiguelen 
Island, Betsy Cove, where we had a self -registering tide-gauge put 
up by the officers of H.M.S. Gazelle,** when there for the purpose 
of observing the transit of Vonus in 1874. The observations coin- 
menoe at noon November 16, 1874, and close at noon January 29, 
1876. Some difficulties, which arose from choking up l^ld partially 
destroying the pipe in which the float moved, caused two inter- 
ruptions of five and nine days. From this cause, and because the 
weather in that region is rather boisterous (we noticed 450 hours out 
of a quarter of a year, or 2,160 hours, with a velocity of the wind 
higher than 15 metres per second), 1 am inclined to think the 
constants are not quite so satisfactory as they would have been in a 
calmer ocean,*’ 

The resujts have been reduced from oentimeires to feot, 

Th$ Hiideon BtraiU 

The observations at these stations were taken under the super- 
vision of Lieutenant Gordon, B.N. The length of observation at 
each station was short, and the results must be correspondingly 
unoertain. The dates at which the observations began are entered in 
the table below, together with the periods. 

The obsei rations at Port Harwell were taken every two hours, and 
at all the other stations, besides the bi-bourly measures, observations 
were tidcou at intervals of five minutes about the times of high and 
low water. The reductions were made by Lieutenant Gordon, with 
the assistance of Professor Carpmael, of Toronto. 

During the observations at Ashe Inlet, and at Stupsrt’s Bay, the 
Straits were choked with ice, and this may have exercised some 
infloenoe on the tides. 
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(Jowernor** hVmdy New Torh Earhovr, 

In an appendix to the ' Report of the United States Coast Surrey ’ 
for 1885, Professor Ferrel gives the results of harmonic analysis 
applied to tidal obaervations at this station. A map shows the sites 
of the tide-gauges at Governor’s Island and at Sandy Hook. 

Mr. Ferrers treatment of the tide differs from that recom- 
mended in the Reports of the British Association, and his entry for 
is therofore hero omitted. 

In the preface to the previous collection of results a momorandum 
by Mr. Ferrel, about the phases of the tides, was quoted. In a foot- 
notet added after the paper had been presented, I remarked that it 
was not easy to accept Mr. Ferrel’s memorandum as conclusive of the 
identity of treatment of the American tides with the procedure 
recommended by the British Association. The same reason, which 
then oaused me to feel this doubt, applies to the present series of 
results, and it will therefore be well to state the case somewhat more 
fully than was possible in the footnote referred to. 

In the ‘ British Association Report for 188H * theequilibrinm theory 
of tides is developed so that o/mh tide is represented by a positive 
casine. Now, thei*o are two of the tides, vis., those initialloil L and 
X, in which the development naturally leads to a negative cosine, and 
if these terms are to appear as positive cosines, 180° must bo addod to 
the argument. It follows, therefore, that if Mr, Ferrel retains the 
cosines in the negative form, the angles v for L and X, as tabulated 
by him, must be augmented by 180*, in order to bring his results into 
accordance with oavg. Now, it may be observed that in all the results 
tabulated by the U.S. Coast Survey, the tides L and X are apparently 
in diametrically the opposite phase from that of all the other sei^i^i- 
diumal tides. 

That this is actually the case appears physically so improbable that 
I conjecture, even in the face of Mr. Ferrers memorandam, that he 
uses a different convention as to the tides L and X, and that to read 
his results in our notation his values of « shoald be augmented by 
180°. I here tabulate, however, the values as I find them. 

Whilst speaking of this point, it is impossible not to refer to the 
very remarkable peculiarity of the tide in the results for Sandy 
Hook in the previous oolloction, and for Governor’s Island here. It 
is obvious that all the semidiurnal tides of true astronomioal origin 
should be nearly in the same phase, but hare we have a single tide 
exactly inverted as compared with the rest. Is it possible that by 
some accidental change of sign 180* can have been erroneously 
imported into the result ? 
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Singapore and Hongkong^ 

I have no information about theBO observations. The resnltB werp^ 
however, kindly placed at my disposal for this collection by Mr. 
Roberts. They were jj^ven me in the form which was used before the 
pnblication of the Report of 1883 to the British Assooiation, and I 
am responsible for the redaction to the standard form. 

Mr. Robei*ts performed tho reductions of the observations himself, 
and has published the tide tables for the two porta ou behalf of tho 
Governments of the two colonies. He proposes to write a paper on 
these tides, which will doubtless givo tho information which is here 
wanting. 

Indian Stations, 

Major Baird and Mr. Connor have sent me for publication the 
values of the constants at a large number of stations in India* 

I have divided them into two groups. The first of these comprises 
stations for which results were published in tho paper by Major Baird 
and myself in the ' Proceedings of the Royal Society.’ Many years of 
observation are thus added to the previous ones, and the mean valuea 
of the constants given bolow include tho values given iu our paper of 
1885. The station at Karachi is especially valuable for tidal theory, 
since wo now have results for nearly a whole lunar cy^le of nineteen 
years. Tho second gtx)ap comprises a number ot )^rts, for which 
tho constants have been only hitherto published in the prefaces to 
the Indian Tide Tables.* 

The constants for certain tides initialled 2N, MN, MK, 2MK are 
now given for tho first time.t The fiiet of these, 2N, is the elliptic 
semidiarnal tide of the sooond order. It appeared from the develop, 
xnent of the equilibrium theory that it might be easily sensible, and 
the values now given prove that this is the case. The other three, 
MN, MK, 2MK, are shallow water tides arising from the interference 
of the principal lunar tide Mj, 1st, with the larger ellipse tide N, 
2adly, with the lunusolar diurnal tide Kx, and Srdly, with the lunar 
diurnal tide 0. The two latter of these, vis., MK and 2MK, also arise 
from the interfereoce of M^ with O, and from with Kx. The 
values appear to be all fairly consistent frqm year to year at the 
riverain stations, bnt at other places they are obviously quite without 
ugnificance. 

Mean Sea Levels, 

In our previous paper we did not give the mean sea levels, as deter- 
mined from each year of observation. 

* Publithed by authority of the Gorernment of India. 

t See introduotion to our previoui paper on the “Beeulti of Hanuonlo 
AnalysU.'* 
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Major Baird has now caused to be sent the mean sea levels with 
reference to the zeros of the several tide-gauges* The reference of 
the zero of any gauge to a bench-mark ashore has principally a local 
interest, Pull statements on this head are given in the prefaces to 
the Indian Tide Tables, but those are not reproduced. 

The table of mean sea levels which follows immediately comprises 
all the stations in which more than a single year of observation has 
been reduced. The day of the month, proBxed to each seiies of 
rosnlts, denotes the first day of the year for which the moan sea level 
is given. 

In the Fourth Report to the British Association on ‘ Harmonic 
Analysis’ (1886), it is shown that the oscillations of mean sea level are 
far too large to bo explained by the known astronomical inequality 
with a period of nearly nineteen years* 

This is not a convenient occasion for tho discussion of the present 
series of values, but 1 remark that; 1882 was a year in which the 
whole Indian Ocean stood low, whilst 1885 was one in which it stood 
high. 

If variation in the Sun’s temperature is the cause of variation of 
sea level, we might expect to find a periodicity with a period of ten or 
eleven years. It is then worth noticing that at Karachi there is a 
niinitnum in 1872 and again in 1882.* The observations are clearly 
insufficient to do moiH) than to raise the question. 

[Captain Wharton has been good enough to give mo Mr. Bussell’s 
results for mean sea level at Sydney, and it is interesting to note tho 
veiy large oscillation of level, with a minimum simultaneous with 
that at Karachi, ]t 

* Spfirer gives 1878*8 as the time of minimiun iun-»pots. 
t May 8, 1889. 
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Height in feet of Mean Sea-level alrave Zero of Oange. 


Aden. 


(March .^) 


1879-80 

t « a • 

6-707 

1880-1 

• a a « 

•784 

1881-2 


•814 

1882-8 

. • • • 

■764 

1883^ 

.... 

■800 

1884-5 

a 4 « « 

•849 

1885-6 

.... 

•883 

1880-7 

• « « a 

•902 

Karachi, 


(M.y 1.) 


1868 9 


7*140 

1869-70 


•291 

1870-1 


‘264 

1871-2 


•107 

1872-8 


•061 

1873-4 


•079 

1874-6 


•162 

1876-0 


•168 

1876-7 


•134 

1877-8 


*207 

1878-9 


•331 

1879-80 


•308 

1880-1 


•267 

1881-2 


•179 

1882-8 


•(too 

1888-4 


•192 

188i-6 


•198 

1886-6 


•206 


Bhavnagar, 
(Januaxj 1.) 

1886 .... 22-709 

1887 .... -710 




(Jftniufy 1.) 


1878 


10-265 

1879 

.... 

-184 

1880 

* . ■ a 

•187 

1881 

• • . ■ 

*248 

1882 

.... 

•104 

1883 

• a • a 

•257 

1884 

a . * . 

*266 

1885 


*804 

1886 

.... 

•267 


liormugSo. 

(Manh 16.) 

1884 6 .... 6*612 

1886-0 .... *677 

1888-7 .... *678 

Karwar, 


(March la) 


1878 9 .... 6-660 

1879-80 .... 

■641 

1880-1 .... 

-664 

1881-2 ... 

*616 

1882-3 .... 

•492 

Beypore. 


(December 1.) 


1878-0 .... 5-386 

1879-80 .... 

892 

1880-1 .... 

•412 

1881-2 .... 

•412 

1882-8 .... 

•896 ' 

1888-4 .... 

•301 

Ooehin. 


(January 25.) 


1886-7 .... 2 '422 

1887-S .... 

■369 

OaUe. 


(Aprax.) 


1884r-5 .... 2-656 

1888-6 .... 

•700 

1886-7 .... 

■679 

Oohmho. 


(February 1.) 


1884-5 .... 2-208 

1886-4 .... 

‘881 

1886-7 .... 

•304 


Pauwhen* 
(Oqfcober 1.) 

1878- 9 .... 2-666 

1879- 80 -707 

1880- 1 .... <759 

1881- 2 .... *705 


Negapattm, 

(Deoomher 6.) 

1B81-2 

a.ee 1-996 

1882 8 

..a. 2-048 

(March 20.) 

1886-6 

.... 1-811 

1888-7 

.... 2 048 

1887-8 

.... 2 047 

Port Blair. 

(April 19.) 

1880-1 

.... 4^798 

1881-2 

.... ■718 

1882-3 

■710 

1883-4 

.... ■726 

1884-6 

.... ■ooo 

1886-0 

.... ■612 

1886-7 

.... ‘606 

Movlmein. 

(April 17.) 

1880-1 

.... 8-463 

1881-2 

...e -669 

1882-3 

.... -658 

1883^ 

...4 -787 

1884-5 

...a *146 

1885-6 

.... *888 

j 

Amherst, 

(Auguft 5.) 

1880-1 

.... 13-601 

1881-2 

.... -974 

1882 8 

e... -701 

1888-4 

.... -757 • 

1884-6 

.... *688 

1885-6 

.... -811 

Rangoon, 

(Maroh 1.) 

1880-1 

.... 15*074 

1881-2 

.... 14-880 

1882-8 

.... *958 

1883-4 

.... *925 

1884-6 

.... *789 
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Etmhani Point, 
New 8Ue. 
(Jaauuy 1.) 

U84 .... 16 814 

1885 .... 16-641 

1886 .... ’878 

1887 .... -799 


Chittagong. 
(June 6.) 

1886- 7 .... 8-SSl 

1887- 8 .... 7-945 


Kidderpore. 
(Manh 28.) 

1881- 2 .... 10-739 

1882- 8 .... -686 

1883- 4 .... -509 

1884- 5 .... -669 

1885- 6 .... -950 


Diamond Harbour. 

(April 4.) 

1881- 2 .... 8-976 

1882- 8 .... 9 -Oil 

1888-4 .... 8-909 

1884-5 .... -897 

‘ 1885-6 .... -804 


Dublat. 

(April 22.) 

1881- 2 .... 14-394 

1882- 8 .... -499 

1883- 4 .... *417 

1884- 6 .... -879 

1885- 6 .... -268 


1881- 2 .... 7-552 

1882- 8 .... -697 

1883- 4 .... -598 

1884- 5 .... -492 


Vieagapalam, 
(FebniMy 8.) 
1870-80 .... 4-091 

1880- 1 .... -917 

1881- 8 .... -809 

1882- 8 .... -812 

1883- 4 .... -813 

1884- 5 .... -680 


Oocanada. 
(Mareh 81.) 
1686-7 .... 5-488 

1887-8 .... -212 


itadrae. 
(Febrnaiy 1.) 

1880-1 .... 2-261 

1881- 2 .... -209 

1882- 8 .... -179 

1883- 4 .... -180 

1884- 6 .... -184 

1886-6 .... -061 


Sydney Harbour. 


(Juiuaiy 1.) 


1873 

a • • • 

8*531 

1874 

«• • • 

*628 

1876 

t • « • 

*666 

1876 

• • • 4 

*602 

1877 


•867 

1878 

• • « • 

•208 

1879 

• • • » 

•247 

1880 

• • • • 

•100 

1881 


2*660 

1888 

« • • • 

•607 

1883 

• • • t 

*668 

1884 

• • • • 

•679 

1886 

t • • a 

*458 


Fdl$e Point. 
(Mayl.) 


Dover 

Table of Latitades and Longii;ndos. 
European StaHonSe 
iat. 

61® 7' N 

long. 

, 1® s' R 

Oitend 

61 14 

• < • 2 66 

ITeHgnl&Tul 1 1 1 T . 1 - 

64 48 

0 RA 

Capenhaffeii 


• 1 1 18 86 


Oremland and Davis Straits, 


^ngi)f)|^gfffi|l2V , , , 1 . 


1 « « 87 16 W 

Nenovtalik 


>«• 46 16 

OodtiiAab 


•ee 61 44 

Fjord 

66 86 

67 SO 


Hudson's Straits, 


Fort Barwell 


... 64 46W 

Aeho Iiklefe 


4A lift 

Btuport'e Boy 


> • • #V oo 

71 ftO 

Voltbiglifliii Iduid • 


■at #1 on 

. . . 77 SB 

Fort lApenikre , , . 


... 7S 1 
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Southern Stations. 

Kerguelen leland, Betaj Cove 49 9 S. 

SoutU Georgia 64 31 

U.S. Coast Survey, 

Oovemor'B Island, Kew York Harbour 40 42 K. 


70 12 E. 
se iw. 

74 IW. 


Straits Settlement and China. 

Singapore . 

Uoag Kong 


1 17 N 103 61 E. 

22 Id 114 10 


Aden 

Karaobi 

Bombay 

Beypore 

Kogapatam 

Madras 

Vizagapatam , . • , 

False Point 

Publat • . • 

Diamond Harbour 

Kidderpore 

Bangoon 

Amherst 

Moulmein 

Port Blair 


Old Indian Stations. 


12 

47 N 

.. 44 

69 E. 

24 

47 

.. 66 

68 

18 

65 

.. 72 

60 

11 

10 

• . 76 

49 

10 

46 

.. 79 

68 

13 

4 

80 

16 

17 

41 

88 

17 

20 

25 

.. 86 

47 

21 

38 

.. 88 

6 

22 

a 

.. 88 

14 

22 

82 

.* 88 

22 

10 

46 

.* 96 

12 

16 

6 

.. 97 

34 

16 

29 

.. 97 

40 

11 

41 

.. 92 

45 


Neio Indian Stations, 


Bharnagar 

IB 

48 N. ... 
86 ... 

.... 78 
.... 78 

9 

50 

15 
18 
60 

16 
60 
67 


9 

68 

.... 76 

Oalle 

6 

1 

.. .. 80 

Colombo 

6 

56 

...» 79 

Cqoaaada >> 

16 

66 

a. .. 82 

OliitfcairoDe 

22 

20 •• • 

.... 91 

Akyab 


8 • a • 

.... 92 

Elephant Point, New Site * • • . 


29 

.... 96 

19 
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I. — Table of Baimonio Gonatanta at rarioua Porta. 
Oriend. 
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I.— Table of Harmonio Oonntants at various Forts. 


Year 

i 

n 

Copenbagen. 

Greenland. 

PavU Straiti. 

1 

1 

S 

•3 

Si 

r-( 

5-3 

re ^ 

L 

S.I®- 

0-79 

0*089 

— 

1*24 

1*64 

2*67 


40 

»49 


203 

229 

202 


« • • • 



• • • • 

• a a a 

Small 


810 

0*196 

HH 

2*88 

4*46 

7*48 

“*t« - 

333 

*77 

119 

l6i 

>93 

*59 


.... 


• • o» 

• eta 

a a • a 

BmaU 

H* “ 







o/=“ 

0*34 

0-060 


0*86 

0-30 

0*88 


H 3 

9 


74 

8i 

47 

k,;h- 

0*81 

0-876 

■ a • • 

0*62 

0*09 

0*27 ^ 

*‘tK - 

35 

*3 

a « • • 

W4 

127 

32 

K.l“- 

0*17 

0*016 

• • a e 


0*43 

' 0*76 

^ 1* - 

*7 

*45 

a a • • 


227 

199 

p/H- 


0-011 

a 4 • « 


0-23 

0*84 

1« - 

S3 

1 

a a a a 


125 

1 38 

t/®- 

0*46 

0-028 

a a a • 


0*18 

i 0*16 

^l« - 

34» 

48 

a a a a 


291 

167 

1 

w/® “ 

0*46 

0*050 

a a a « 


0*86 

: X*80 


*99 

*48 

a a a a 


1 l68 

1 

1 *44 
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I. — ^Table of Harmonio Constanta atrarioM Porta. 
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I. — Table of Harmonio Confitante ab various Porta. 


OovemorU Island^ New 
York ffetrhour* 


8inga- Hong* 
pore, hong. 



a See rematke in preface on the phaeei in theee casee. 

2 Q 2 
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II. — ^Table of Hamumio Constants at Old Indian ! 

Aim, 

Commence 0 h., March 3. 


1888-4. 1884-5. 1885-C. 1886-7. 


Mean of 
8 yean. 
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ZI. — ^Table of Harmonio Constants at Old ludian Ports. 


Aden* 

Commence 0 h., Sfarch 8. 



^ Xsc^ vbsre noted thus (4), whete tbb repreeenta the number of jwn* 
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U. — Table of Harmoxiio Constanta at Old Indian Porta. 
l^arathi. 

Commence 0 h.» May 1. 


Year 1883-4. 



1884-6. 

1885-6. 

Moan of 

18 yean.* 

0-066 

0-07* 

0-079 

18J 

*74 

161 

0-96S 

6-950 

0-949 


3»i 

3M 

0-011 

4+ 

0-010 

4J 

0 -010 

0*006 

0-006 

298 1^") 

3*4 

3*6 

0-001 

0-001 

" (18) 

*40 

»S»4 

0*042 

til 

0-037 

»34 

° (17) 

2-646 

s-ssa 

2-518 

*94 

*93 

^94 

0*027 

0-086 

0*088 

349 

337 

33» 

0 080 

0-029 

0-086 

21 

15 

*5 

0*046 

0-058 

0-048 

xo6 

*99 

209 

0*001 

0*006 

^ '005 

266 

3** 

*67 

0*066 

0*668 

0*660 

47 

47 

47 

1-800 

1*805 

1-884 

4« 

46 

46 

0-808 

b-260 

0-281 

Ji6 

316 

3*9 

0;806 

0-407 

0-388 

4« 

46 

46 

0-071 

" 0 040 

0-078 

So 

4< 

*9 

0*111 

0-126 

0-188 

4< 

53 

P 

0-076 

0-076 

0-078 

316 

181 

29B 


* Kxoept where noted thue (15), where thie repreiento the munber of yean. 
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11 — Tabid of Bamouio ConBianta at Old Indian Ports. 
KaraehL 


OemmfiMW 0 h.. May 1. 



Mmpt irhm twted tlnu (1(}» yurhm tbit tepmenta tka nambttr of y«M. 
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Prod G. H. Darwvi. 


II. — TaUe of Harmonio Goaataiita at Old ludian Porta. 


Bombay. 

OomnwDM 0 k, Staiwrj 1. 














Harmcnio of TMal Ob^rvatiouB* 


n, — Table of Harmonic Constants at Old Indian Ports, 
Bombay, 

Commencs 0 li.» Janiuuy 1. 



Mean of 
Oyoar* • 


1-001 

0-997 

3*a 

3 '3 

0-182 

0 161 


281 


!= 

0-210 

0-186 

348 

3*7 

0*186 

0*197 

317 

306 

v^m 



o-w 

0-136 

*3 

34 

0*029 

0*038 

98 

106 

0-006 

0-112 

29» 

373 

0-008 

0-066 

181 

<54 

0*062 

0-OE9 

49 

68 

0*046 

0-060 

284 

26 

0-061 

0-066 

<4 

1 

0-036 

0-088 

198 

220 

0-110 

0*181 

17 

3*0 

0-m 

0-180 

148 

212 


* Xsoept wliSN noted thus (4), where ihU repreaenU the number of years. 
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. Prof. G. H. Darwia. 


IL — TftUe of Hamonio Constants at Old Indian Porto. 


Beyfon. 

Cmnwnoe 0 h., l>6odmber 1. 



* Kxoept where noted ihui (8)» where thie repreeenti tike nuaber of jeeria 
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II.— Table ol Hamonio Conaiants at Old Indian Ports. 

Negwpaiam, 

Oominenoe 0 h.» March SfeO. 
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Prof. G. H. Darwin. 


II. — Table of Harmonio Constants at Old Indian Ports. 


Negapatam, 
Oommenoa 0 b., March 20. 



1885-6. 

1886-7. 

1887-8. 

Mean of 


6 yeare.* 



WBM 


0*168 

“ 1 .« - 

137 

mmm 


a39 

“{?: 


0*016 


0-02S 

119 

183 

214 

210 


0 016 

0*081 


0 -019 . j 
»73 ' ^ 


307 

314 



0 039 

0*016 


0-084 

'1* - 

209 

.73 

:i79 

239 



0*016 

0-014 

0 017 

n. - 

128 

103 

104 

116 

*{?: 

■ « • « ■ 

0*031 

300 


0*031 

3a5 

j/H- 


0-037 


0-044(2) 

*49 ' ' 

*1* - 


143 


M8{°: 

0-018 

0*018 

0-024 

0*019 

86 

107 

111 

99 

jsm{h: 

0006 

0*003 

0-006 

0*006 

198 

130 

208 

a03 


0 024 

0*048 

0-022 

0*028 

121 

182 

«5S 

“3 

mk{h: 

0 010 

0-016 

0*020 

0-014 

«9 

; **♦ 

*95 

*49 

*mk{=: 



0-007 

0*007 

335 

33« 

336 

337 

- 

0 076 

0*008 

0*048 

0*040 

3*8 

J47 

35a 

335 

Mf{f: 


0*098 

0*078 

0*066 

354 

5 

35* 

r 

Msf{= : 

0-020 

0*026 

0*043 

0-066 

82 

S* 

15 

33 

«•{?: 

0*348 

0*444 

0*364 

0-444 

149 

130 

2z8 

*34 ' 

1 

8 ®{f: 


0^828 

0*877 

0*844 I 

129 

129 

lit 

taS 1 


* Except nrhere iv>ted tiiu» (2), where tbie xepreaente the number of yeue. 
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Ilarmonie Analj/$ia of Tidal ObservatioiUn 

II. — ^Table of Hamonic CooBtants at Old Indian Ports. 
Madras, 

Commeocs 0 h., February 1. 
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Prof. Q. EL Darwiii. 


n. — Table of Harmonio Constanta at Old Indian Porta. 
Jfodrao. 


Commence 0 h., Febmaiy 1. 



Sxeept where iioted tliue (8), whm fcble ze|»e»entf the number of yeere* 
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JHdrmomc AftaljftU of Tidal Obttrvaliont. 


II.~Tabl9 of Harmonio Constants at Old Indian Forts- 

a 

Vixagapatcinf* . False Point 

Commenoe 0 h., Febniaiy 3. Commonoe 0 h , May 1. 
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Prof. Q. H. Darwin, 


. 11. — ^Table of Hamonio Constants at Old Indian Ports. 
Vizagofatam. False Point. 


Commence 0 h., VobniaT^ 3, Coromenoo 0 h«, 1. 



* Sxoepl wlieve noted tlini (a), where thii repreienta the aomber of joare. 














' JlarmoHte Amfyris of Ttdal Observations. 

IL — Table of BCarmonio Oonstants at Old Indian Ports. 
Duhlai, 

Commenes 0 h., April 22. 















58 <S Prof» G« Ht Darwin. 

II, — Table ot Harmonic Gonatanta at Old Indian Ports. 
BuhlaU 


Commenco 0 h., Apnl 22. 


Year 

1H83 4. 

1HS4-S. 

1885*6. 

Mean of 

6 yeaim.* 


H - 

0'R20 

0-876 

0*882 

0 894 


le u 

»8S 

*8i 

287 

**5 

aw I 

H « 


0-200 

0-147 

0-166 

8N| 

K =* 

a2i 

*53 

264. 

261 

xT 

H - 

0*085 

0 003 

0*163 

0-160 

*1 

It « 

261 

*77 

3=5 

299 


II « 

0*143 

0-276 

0-828 

0*242 

’’i 

K *= 

=95 

303 

276 

*75 

uJ 

’ll 

o-m 

0107 

0-141 

0*150 

'*1 


H 

355 

10 

10 


H - 

[If 

« a • e 

■ « • V 

0 096 

307 

• * a • 

tea* 

0-167,„. 

298 

Tj 

H * 

Lie « 

• 1 i « 

• e « a 

0-175 

61 

■ » • e 

a a i • 

°fi*> 

MS- 

ra = 

0-0«7 

0074 

0-077 

0-074 

[ K * 

*74 

177 

.9« 

170 

99iirj 

rn =. 

0 053 

0*058 

0*044 

0*066 


[* - 


198 

196 

202 


fH- 

o-m 

0 050 

0*198 

0*120 

[k « 

55 

70 

20 

355 

MK< 

fH- 

0 023 

0*053 

0*072 

0*062 

l« - 

353 

* 4 * 

192 

. “5 

2MK^ 

rn- 

0 028 

0*050 

0*031 

0*085 

U - 

»*5 

**4 

97 

129 

Mm* 

rn- 


0*027 

0*020 

0*037 . 

U =■ 


43 

171 

89 

Iff 

/H- 


0*086 

0 082 

0*061 


1« - 


34 

86 

60 

MSf 

fH- 


0*027 

0*042 

0*049 

\k - 

mmm 

*34 

a6 

29a 

Sa 

/H - 


0*930 

0*787 

0*876 


l» •« 

*53 

146 

*54 

*5* 


fH- 


0-2U 

0*146 

0*196 


I. « 

*34 

162 

*37 

*4* 


* Sxoept wh«re noted tbut (2), wbove fchii ropvesente the nun^ of yean. 
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Harmonic AnOlynii of Tidal Ohserrations. 

II. — ^Table of Harmonio Constants at Old Indian Ports. 
Diamond Harbour, 


CommMioe 0 h., April 4. 


Vcar 

1883-t. 

1884-5. 

1885-6. 

Mean uf 


5 yoarg. 


0*003 

0*092 

0-101 

0-091 

150 

161 

t63 

*55 


2*252 

2-202 

2-199 

2*231 

26 

26 

26 

26 


0 132 

0*123 

0-123 

0*123 

330 

3*9 

326 

3*7 


0 016 

0-013 

0*006 

0*012 

26S 

270 

*33 

*54 

Mf: 

0-004 

0-007 

0-002 

0 004 

2+1 

286 

«75 

282 


0*022 

0 052 

0*032 

0-029 

- 

H5 

203 

*77 

I6i 

M.P“ 

's-m 

5-136 

6-154 

6-164 

“>1.* - 

344 

345 

345 

344 

M?: 

0-061 

0*062 

0*058 

0*050 

*45 

*37 

**5 

*30 


O' 768 

0-758 


0-762 

246 

249 

250 

*47 


0-163 

0*141 

0*144 

0-150 


106 

112 

110 

108 

M.{f: 

O'OOO 

0'0>3 

0*063 

0-068 

344 

349 1 

354 

347 

o/n- 

0-211 

0-217 

0-233 

0 226 


34» 

S50 1 

348 

34<* 


0-608 

0 498 i 

0-515 

0*502 

*‘t« - 

16 1 

*4 

«3 

H 

1 1 

0-730 

0-718 

0-622 

0-676 

»S 

*3 

30 

*5 

»{?: 

0-178 ! 

0-184 

0-m 

0-m 

9 

12 

11 

10 

jfH- 

0 006 

0*035 

0-045 

0*030 


6S 

26 

*4 

6 

<*{?: 

0-036 

0-019 

0-016 

0-026 

304 

301 

44 

350 


o-aol 

0*280 

0-876 

0-266 

- 

335 

344 

8 

350 


2 B 2 
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Prof. G. H. Darwin. 


IT. — ^Table of Harmonio Gonstanis at Old Indian Ports. 


Dianumd Harbour, 


Commonoe 0 April 4, 



* Exapt where noiod tbiu (2), where thii repreecfiite the number of jean. 









H 
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Harmotde AntdysU of Ttdal Ohtervutwtu. 

11. — Table of Harmonic Constants at Old Indian Ports, 


Kidderpore, 
Commenpo Oh., March 22. 



!5 


0*196 

68 
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Prof. G. H. Darwiu, 


II. — Table of Harmonic Constanis at Old Indian Porta. 


Kidderpore. 
Commence 0 li., March 22. 















591 


Harmonic Analytic of Tidal Obcercaiiomu 


11. — Table of Harmonio Constants at Old Indian Ports. 


JSan^eon. 

Comnienoo 0 h., March 1, 








Prof. G. 11. Danrin. 


II. — ^Table of Harmonia OonstantB at Old Indian Porto. 


IRangoon, 

Commenco 0 h., MbpcIi 1. 


Yew 

lS83-i. 

1884-6 

. 

1885-6. 

Moftn of 

6 years.* * 



ri£- 
L* - 

1 OOG 
”5 

1*060 

116 

1-074 

118 

1*017 

117 

21T< 

[?: 

0‘108 

82 

0*233 

74 

0*118 

>15 

0*149 

97 

H 

fH - 

L« ■= 

0*203 

0-320 

169 

0*228 

197 

0*254 

170 

H 


0*383 

0*608 

109 

0-455 

98 

0*888 

107 

H 

[?: 

0*478 

288 

0*606 

288 

0*566 

292 

0-516 

190 



0*096 



0*112 

45 

0-108(8) 

79 ^ * 

’’i 

[?: 

U-S22 

'«J 


0*280 

124 

0-307(3) 

«45 ' ^ 

MS- 

rii - 
i* - 

0-421 

*13 

.0-386 

114 

0*303 

218 

0303 

212 

2SM> 

rn- 
L« - 

0*176 

6i 

0*164 

50 

0*187 

5^ 

0*166 

54 

MN-j 

[f: 

0*154 

36 

0*006 

3* 

0*276 

1 1 

0*168 

26 

MK-j 

[?: 

0*118 

102 

0*000 

^3 

0*166 

66 

0*140 

73 

SHK-j 

rn- 
L« - 

0*124 

5® 

0*116 

61 

0*121 

49 

0*119 

55 

Mm-j 

FH- 
L« “ 

0-279 

*5 

0*171 

5 

0*206 

12 

0*227 

17 

Mtj 

I?: 

0-228 

46 

0*270 

29 

0*171 

37 

0*216 

36 

MSfj 

[?: 

0*641 

46 

0-630 

5» 

0*642 

.5* 

0*646 

49 

8 aj 

[f: 

1*406 

157 

1*201 

146 

1-184 

150 

1*376 


[?: 

0-174 

1 

1 

0*071 

263 

0-228 

298 

0*142 

318 


* Kxoept whm>iioied ihiu (8)| where thU repreiente the number of jvvsu 
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Ilarmonio Andly^U of Tidal GbBe%niaHon9* 

II. — Table of Harmonic Constants at Old Indian Forts. 
AmherBL 

Commence Oh., Augtut 6. 











594 


Prof* G. H. Dorwia 


II. — ^Table of Harmonic Constanta at Old Indian Ports. 
Amherst. 

Commenco 0 h., AuRimt 5, 



• ICxo^t where noted thus (3)> where this represenU the number of jears. 













Harmonic AnaljfiiB of Tidal ObBm>ation8. 695 

II. — Table of Harmonio Constanfcs at Old Indian Porta. 
MouVmcin, 

Commence 0 h., April 17. 





















596 


pMf. G. H. Darwin. 

II. — ^Table of Harmonic Constanta at Old Indian Ports. 
Moulmein, 


Commenoe 0 h., April 17. 


Y^w.r 

isas-i. 

1884-6. 

188IMt. 

Mean of 


6 ,>ear8. 

»{?: 

0-654 

0*620 

0-718 

0-671 

95 

92 

99 

99 

2N{« : 

0*120 

0*082 

0-180 

0*093 

79 

*45 

74 

86 


0 101 

0*183 

0*166 

0*163 

- 

107 

>53 

170 

>54 

^ rn - 

o-m 

0*435 

0*381 

0-273 


ll6 

128 

84 

98 


0-347 

0*320 

0*339 

0*324 

•‘U = 


260 

279 

171 

»{?: 

0*133 

79 

e e • • 

e • • • 

0-204 

7» 


tJU- 

0 161 

• • • • 

0*264 



*74 « 

.... 

100 


0-686 


0-716 

0-708 

ai3 

**5 

218 

a>3 

2 Sm/^ " 

0*123 

0*155 

0*118 

0*128 

lie - 

59 

50 

40 

4> 


0*126 

0*203 

0*086 

0*135 


36 

4 

>9 

MK{f : 


0*162 

0-133 

0-164 

93 

.03 

87 

89 

2 mk{“: 

0*111 

70 


— 

0*112 

62 

m«{h: 

0*407 

*9 


0*369 

9 

0*867 

12 


0-877 

0-217 

0-871 

0*828 

49 

3» 


39 

Msf{=: 

1*091 

1*060 

1-068 

1*089 

45 

4» 

45 

45 

Ss/®" 

2*519 

2*032 

2-128 

2*880 

“t* - 

*5* 

*44 


>49 

■ M?: 

0*668 

0*601 

0-780 

»0*616 

*98 

168 

288 

z86 


* StOGpt when noted thiu (8), wbere thie repreeente the number of yem. 
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Harmwie Atudyti$ of Tidal Obnenationa, 

II. — ^Table of Harmonic Constants at Old Indian Porta. 

Fort Blair. 

Commence 0 K., April 19. 



'{f: 

«{.=: 










598 


Prof. G. n. Darwin. 

IL— Table of Harmonic Conetante at Old Indian Ports. 
Port Blair, 


Ciommonoo 0 h., April 10 . 


Yew 

1883-4. 

1884-6. 

1885-6. 

1886-7. 

Mean of 

7 jroaPH.* 


»{?: 

0 382 

271 

0*423 

^74 

0*391 

*77 

0-406 

»73 

0 400 

274 

2N{f : 

0*044 

241 

0 094 

282 

0*066 

240 

0-070 

z 8 z 

0 *066 

267 w 


0*036 

216 

0-087 

176 



0 060 

*47 


0*020 

33* 

0-179 

298 

0 139 

281 

0*100 

233 

0-116 

Z 7 Z 

'{f- 

0*074 

31S 

0*121 

a 8 o 

0-071 

31 * 

0*080 

285 

0*086 

296 


0*022 

261 

• • . • • 



0-021.) 
*93 ' ' 

1 B 

0‘037 

35 S 


0*112 

291 


0-088(3) 
319 w 

«S{H- 

0-00-t 

>83 

0-007 

107 

0*006 

»73 

0*003 

345 

0 007 

Z 08 

2SM-[® “ 

0*017 

140 

0*022 

330 

0*021 

182 

0*030 

146 

0 028 

180 


0'087 

166 

0*105 

97 

0*024 

124 

0*078 

138 

0*063.^ 

131 

“{?: 

0*025 

3^5 

0 026 

57 

0*026 

*54 

0*021 

235 

195 ^ ^ 

2Mk|” “ 

0'003 

229 

0*004 

166 

0*006 

260 

0*005 

264 

0*005.^. 
216 w 


0 010 

35 

0 001 

129 

0*034 

.34* 

0*023 

10 

0*016 

3 * 

Mf{H: 

0*058 

*3 

0*036 

3 * 

0 048 

3a 

0 025 
*94 

0*048 

6 

>“{?: 

0*014 

33 

0*018 

18 

0*036 

354 

0*027 

74 

0*030 

43 


0*216 

180 

0*166 

162 

0*255 

*47 

0*048 

*25 

0*185 

152 


0*168 

177 

0*157 

I7d 

0*?01 

181 

0*105 

137 

0*188 

186 


where noted thue (6!)« where thie represent! the number of jeers. 





Ilarmonio AnalynB of TidcU ObBermtionn^ 599 

III. — Table of Harmonic Constants at New Indian Ports. 
Bhavfiagar, 


Ck)niinenr6 at 0 h., Januarj 1. 


Yoar • • • • 

1886. 

1887. 

Merni of 
2 year*. 

Year . . , . • 

1886. 

1887. 

Mean of 

2 yoart. 

«.{?: 

0*154 

i8o 

0*129 

166 

0*U2 

*83 


2*280 

111 

2*621 

**3 

2*401 

112 


8-370 

«?<! 

3 *414 
176 

3-305 

176 

*n{®: 

0*271 

104 

0*130 

17 

0*201 

66 


0-102 

*37 

0*126 

230 

0*114 

234 

*{?: 

0*278 

142 

• • • • 

0-278 

>4* 

«.{r: 

0*027 

308 

0-025 

m 

0-028 

301 


0-640 

135 

0*930 

loR 

0-785 

ill 


O’OOS) 

0*007 

94 

0*008 

60 


0*353 

574 

0*260 

287 

0*307 

281 


0*006 

201 

0*126 

«57 

0*096 

179 


t • • • 

• at* 

.. .. 

.... 

M?: 

10*63t 

«35 

10-724 

'35 

10*629 

*35 


i • i • 

0-277 

»47 

0-277 

*47 

«.{?: 

0-078 

317 

0*118 

318 

0 096 
3^3 

ms{h: 

0*638 

*95 

0*683 

*97 

OTiGl 

196 


0*896 

156 

0*916 

*53 

0*906 

*54 


0*014 

12 

0*067 

353 

0*060 

2 

M?: 

0*228 

1*9 

0*219 

*^5 

0*224 

122 

mn{H: 

0*210 

93 

0*425 

93 

0*318 

93 

Mf - 

0*016 

*7V 

0*021 

130 

0*018 

*55 

MK{f : 

0*189 

80 

0*326 

106 

0*258 

93 

•{?: 

1*011 

83 

0*989 

84 

1 000 
83 

2MK “ 

0*123 

350 

0*125 

350 

0*124 

350 

«.{?: 

2*257 

92 

2*823 

9* 

2*290 

9* 


0*107 

6 

0*133 

39 

0*120 

*3 

V 1 

0*716 

169 

0*869 

176 

0*787 

*73 

Mi{f: 

0*076 

39 

0*053 

44 

0*064 

4* 

Hf - 

0*666 

93 

0*680 

94 

0*668 

94 


0*115 

28 

0*220 

40 

0*168 

34 

’{ f . 

0*119 

179 

0*096 

138 

0*107 

*58 

Mr: 

0*266 

*121 

1 

0*376 

”5 

0*321 

118 

<»{?: 

0;)78 

73 

0*207 

88 

0*193 

80 

Mr: 

1 0*083 
; »«5 

0*271 

189 

0*177 

167 

M?: 

0*680 

166 

0*736 

*50 

0*662 

*58 






600 Prof. O. BL Darwin. 


III. — Table of Harmonio Constants at Now Indian Porta. 


Commence 0 h., March la 


















Barm&nie of Ttdal Oh$irvation$^ 601 

III. — TaUe o< Harmonic CoxuitaixtB ai New Indian Porta 
MormugSo, 

Commenoe 0 h., March 16. 



* Xiteept when noted Hum (1), when tfilc nprcMote the number of jem. 
tnHk m. 9 ■ 






















602 Pro£ f3t. H. Danrita. 


III. — ^TaUe of Hamooio Oonatants at How Indian Ports. 
Ooehin. 






























603 


Hanmnic of Tidal OhBetvaiimo^ 

III. — Table o( Harmonic Constants at New Indian Ports. 
OidU. 

OomiaenoeP h., April 1. 

























604 Prof* G. H. Darwin. 


m. — Table of Bansumie Oonetaato at New Bidfaui Porte. 


OalU. 

Commence 0 h., April 1. 


1884-6. 

_ 

1886-8. 

|Hg| 

Mean of 

8 jeare.** 

0*058 

0*066 

0*064 

0*068 

47 

4» 

45 

45 

o-oor 

0-080 

0-000 

.O-OIS 

209 

66 

^49 

»4« 

0*018 

0*018 

• • • • • 

0*016 

59 ' ^ 

101 

18 


0*048 

0*088 

0*018 

0-088 

67 

16 

35* 

*5 


0*026 

0-026 

0*086 

102 

106 

too 

103 


0*018 


0-018 r,v 

358 


J5« 



O-Oil 

59 


0-041(1) 

59 


0*006 

6-000 

0-007 

313 

HI 

*38 

264 


0*018 


0*009 

*4 

340 

3*0 

348 

0*086 

0*018 

0*084 

0*021 

165 

229 

189 

*94 

0-006 

0*008 

0-005 

0*006 

284 

28 

127 

266 

0*008 

0*001 


0*008 

*35 

96 

82 

104 

O'oer 

0*017 

0 017 

0-084 

22 

337 

340 

353 

0*080 

0*087 


0*088 

12 

39 

339 

10 

0-018 

0*018 


0^9 

3*4 

1J3 

268 

*4* 

0-877 

0*887 

0 S46 

0»8a7 

3»4 

1 330 

3i» 

3»9 

0-007 

0 080 

0*148 

0*109 

>»5 

102 

122 

116 


where noted thus (2), where thte repreeenU the number d jeen. 
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IIl.^Talile of Hjurmonic Oonstants at New Indian 
Ootomho. 

Commenoe 0 li , February 1. 


PorU. 



2 8 2 
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Vtot, O'. H. Daxwiib 


in. — ^TiAld o( Ktrmotlic Constants at N'ew Indian Ports. 
Oeiombo. 


Oomnienoa 0 h., FeVnurj 



* Except when noted Utue (1), where thii npieee&te the number ^ yeue. 






















Barmonio AnoiytU of Tidal Ohsefvationt^ 


IIL«^Table of Harmonio Constants at New Indian Porta. 
Oocanada. 

Commence 0 U., March 81. 



1886-7. 

1887-8 

Mean of 

2 jeara. 

0*086 

93 

0*087 

77 


0-644 

185 

0-628 

186 

0*636 

185 

0*008 

116 

0*007 

147 

0*005 

136 


0-004 

0-004 

105 

160 

181 

0*003 

lit 

0*003 

S3 

0*003 

*5* 

0*019 

34X 

0*023 

34* 

0*021 
• 34t 


1*545 

1*516 

*5* 

*5* 

as* 

0*006 

34d 

0*009 

10 

0*008 

3 

0*020 

109 

0*027 

ro6 

0 027 

107 

0*014 

9« 

0*016 

lOI 

0*016 

99 

0*002 

66 

0*002 

m 

0*002 

I 

0*188 

333 

0*187 

331 

0*186 

333 1 

0*847 

0 852 


340 

338 

339 

0*175 

186 

0-169 

184 

0*172 

185 

0*099 

344 

0*089 

343 

0-094 

344 

0*018 

336 

0*086 

33« 

0*082 

337 

0*017 


0*018 

3d 

11 

28 

0*076 

174 

0-062 

*35 

0*079 

»54 


Tear 1880-7.1887-8. 


Mean of 
2 jean.* 


H « 0 *808 0 S26 0 *317 

a - »44 34% 143 

H» 0*043 0*060 0‘05S 

a M 241 xjo 136 

0*008 0*008, 

« - 83 83 ' 

H-i 0*071 0*018 0*045 
a - 191 303 H7 

Hi- 0*019 0*032 0*026 
*57 264 160 


0 *004 0 064, 


0*014 0*023 0*019 
131 145 U8 

0*016 0*018 0*017 
115 i8t 198 

0*081 0*041 0*086 

120 135 iiS 

0*024 0*024 0 024 
196 16 336 

0*011 0*010 0*011 
316 318 311 

0*076 0*063 
198 290 144 

0 078 0*095 0*087 
55 196 ii 4 


0*858 0*671 0*762 
100 199 199 

0*403 0*622 0*468 
109 99 S04 


Xxoept where noted thua (1), where thia mpraaeata the muaber of :rean. 

2 ■ 8 
























Prof. G. H. Darwin 


III. — Table of Harmonic Oonetanta at New Indian Porte, 


Ohittagmg, Ahgab, 

'Comnenoe 0 h., June 6. Com. 0 h,, May 9. 













Harmonic Analy$i$ of Tidal OhiertfaHons* €09 

in.— *TabIe of Harmonio Constants at New Indian Ports. 


OhiUagcng* Akyah. 

Commeooe 0 h., June 6. * Com. 0 h., May 9. 


Tmt 

1886-7. 

1887-8. 

Mm of 

2 yean.* 

1887-8. 



fH- 

MPMI 

0*841 

0*866 

0*520 


l« - 


»5 

H 

271 

a] 

[•H- 


0*080 

0-0S5 

0*052 

L« - 


*94 

337 

25U 


rn- 
l* - 



“ro 



fH- 


0 295 

0 349 

0*058 

r ^ 

Lie 

H 

2 

13 

202 


fH- 

0-268 

0*276 

0*878 

0 017 

*'1 

L« - 

200 

206 

203 

»Ji5 

1^1 

fH- 





1 

L« - 





xJ 

[?: 


0-139 

246 

®;jf (1) 


us- 

[H- 

0'865 

0*844 

0*880 

0*012 


i8 

*4 

21 

J13 

S8U- 

[H- 

0 129 

0*188 

0-133 

0*041 

L* - 

299 

30J 

301 

198 

Mirj 

fH- 

0*143 


0*116 

0*102 

L« - 

246 

*75 

261 

106 

ux-j 

FH- 

0 131 

0*102 

0*117 

0-016 

L« - 

310 

338 

3H 

220 

SMK-j 

FH- 

0 049 

0 048 

0-046 

0*012 

L« • 

263 

263 

263 

28 

Ito-j 

[H- 

0 076 

o*m 

0*126 


L« - 

339 

9 

354 

284 

Kfj 

FH- 

0 181 

0*178 

0*177 

0 061 

L« - 

4 40 

343 

12 

289 

MSfj 

FH- 

0’482 

0*459 

0-446 

0*046 

L» - 

39 

4* 

41 

S8 

■» J 

FH- 

1-666 

1*435 

1*651 

0*960 

*1 

L* - 

137 

»3» 

134 

146 

8wj 

FH- 

0-178 

0*105 

0*142 

O'MS 

l« - 

217 

73 

3*3 

129 


* iCzeept nbm noted thw (1), where thia r^remte the number years. 
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Rrof. O. B. Baanwia. 


m.— 'Table of Harmonto Coastents at Now Indian Porto. 


Mephant Point (Now SUo). 

CoiamenoeO h., 1 of eatoli jwe exoept for 1887-8 (Juno 18, 188t). 





















Bafm(nd^ Ansi^fm of TUM ^ 61 t 


m. — Table of Harmonio Constants at Ifow Indian Forts. 
El^pha^i Point (Eeio 8 Ue), ^ 

Oommenoe 0 h., JTsnDsvy 1 of each year ezoopt for 1887-8 (June 18, 1887). 


1884. 

1886. 

1888. 

1887. 

1887-8. 

Mean of 

6 yesre.* 

0-061 

90 

1*068 

86 

1*146 

86 

1-207 

88 

1*188 

9* 

1-lU 

88 

0-881 

87 

0-206 

«S 

0-102 

*44 

0-106 

3»7 

0*197 

H 

0-178 

59 

0*188 

16% 

0-178 

‘44 

• ■ • • • 


S • • e ■ 

• •see 

0-188,2) 
‘53 ' ' 

0-182 

<8 

0*137 

1X2 

0-848 

1*3 

0-416 

95 

0-313 

67 

0-269 

95 

0-846 

*73 

0-891 

*93 

0‘842 

288 

0*829 

30X 

0*388 

30a 

0*868 

292 « 


0-077 

104 




0-077(1) 
104 ^ * 

BB 

0*818 

93 

BB 

0-142 

185 

BB 

•39 ' ^ 

0*810 

lax 

0-206 

1x8 

0-292 

1x6 

0-277 

129 

0*281 

i3« 

0*291 

127 

0*168 

4* 

0-US 

35 

0*131 

35 

0-184 

39 

0*188 

40 

0*186 

38 

0-286 

34 

0-198 

45 

0-126 

3‘ 

0-199 

80 

0-196 

136 

0*191 

66 

0-078 

66 

0-056 

344 

0-184 

3 

0-161 

34 

0*047 

47 

0*092 

17 

0*060 

35* 

0*076 

353 

0-069 

354 

0-078 

357 

0-032 

350 

0-064 

353 

0*180 

349 

0*180 

7 

0-076 

0 

0-056 

347 

0*107 

35* 

0-096 

355 

0*100 

10 

0*180 

»4 

0-148 

*3 

0*044 

108 

0-087 

ao 

0-108 

35 


0-846 

53 

0-199 

*7 

0 221 

37 

0-170 

30 

0*818 

4* 


0*878 

*4* 

0-916 

*5» 

0-764 

»4« 

0-846 

«49 

0-648 

140 


0*107 

XI9 

0-141 

1I2 

0-160 

<9 

0-116 

»»4 

0-129 

ISO 


* Smpk where noted tiine (8), where thu repreeenU the number of jesn. 
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**The Stmotural Arrangement of the Mineral Matters in 
Sedimentary and Cryatallino Pearls.*’ By Georob Harlet, 
M.D., F.R.S. Received March d^—^Read March 28, 1889., 

(Abiiraot.) 

The anihor began by giving a sketch of what has hitherto been 
written on pearl Atractnre, and pointed oat that since Rondelet* 
threw out the idea that pearls are merely diseased concretions 
ocoorring in the Mollasea in the same way as other morbid calculi 
occur in the Mammalia, and Rtiaumnrt said they are misplaced 
pieces of organised shell, in the same way as loose cartilages in human 
joints are misplaced portions of the cartilaginous stmctares anr- 
roanding them, the opinions of all sabseqnent writers have bat 
osodlated between these two antagonistic theories. The two chief 
exponents of pearl stmcture in modem times — ^Meckel in 1856,1 and 
Mubins! in 1858— ^have ranged themselves on opposite sides; the 
former advocating the views of Rondelet, the latter espousing those of 
his opponent Reaumur; while Bronn,|| a stUl more recent writer, has 
evidently a difficalty in deciding which of the theories is the correct 
one. For, while the whole tenonr of his remarks leads one to beljleve 
that he favours the shell-formation theory of Bianmnr, he speaks of 
pearls as being lime concretions iKalh-KonhTetionm)^ and pearl-like 
calculi (JPorUn^artige Ktnikremmien)^ which he would be unlikely to 
do were he firmly convinced in the validity of Rteumnr's theory. 

It is thas seen that it is still an unsettled question whether pearls 
belong to the animal or the mineral kingdom. And no one who has 
worked at the subject, and knows its intrioaqy, can be the least 
surprised at our very best authorities being still unable to decide as 
to which of the two antagonistic theories is the best. For, while 
there are undoubtedly many potent data in favour of each view, 
there are, at the same time, not a few grave objections in the way of 
a ready acceptance of either, as the following facte prove • 

1. As was demonstrated by the exhibition of specimens, many 
pearls (oS-colonred ones) of the sedimentary variety so closely 
resemble the carbonate of lime caloali met With in the Mammalia, and 
the Carbonate of lime pisolite oonoretionS from the mineral waters of 
Carlsbad, as to be absolutely undistinguishable from them, either by 
the naked eye or with the aid of a microscope. 

* * Univcrt. AquatiL Hiit,’ 1554 

t * M5m. ds r A«sd. d. M.,' 1717. 

t *lCikro|eolQgiei Uebsr die Oonorsmanten im thisriaoksn Qifsabmus,* Berlin, 
1856. 

I *^1>U Eohten Perieni ehi Beitrag sur Luxus, Huidds- and BatmgsMhiriits 
dsnelbsB,' Hsmburg, 1868. 

H « WeiditblM/ Iripkig, IMS, "Perlsb^BOdttng," p. 188. 
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2. AU'tlieBe three kinds of conoretionB an formed in oonaeontiTe 
strata lottad a^nnelensf and the strata are nut only independent and 
separable from each other, bnt so loosely adherent that they can 
be sheiled^off like the different layers of an onion, leaving the snb* 
jaoent leyers so perfect that their enucleated portions constitute for 
themselves a perfect pearl, a perfect oalculus, or a perfect pisolite 
concretion. 

3. By the specimens exhibited, it was shown that the outward 
appearance of a pearl is in no case a reliable criterion of its internal 
structure, a dulUwhite sedimentary pearl appearing exactly the same 
under the microscope as a beautifully brilliaut iridescent ones while 
a black<^loured pearl may possess in its interior a snow-white pearl, 
another of the purest watw may consist of nothing but a dirty 
greasy lump of river clay, being in reality merely thinly coated over 
with iridescent pearl anbatances. 

4. Thin sections of sedimentary pearls, when viewed with a high 
power in a good light, have all more or loss a granular appearance, 
in general tNCst marked along the lines of stratification. 

5. All sedimentary pearls have nuclei round which the concentric 
strata, are regularly arranged, the nucleus being sometimes small, 
sometiaies exceedingly large in proportion to the siso of the pearl. 
And, contrary to the opinion of De Filippi,* who asserts that* the 

is invariably an Entozoon, it may consist of inorganio as 
/ as of organic foreign material — a pellet of clay, a particle of 
# nil, a fragment of bone or of iron, a piece of seaweed, or even an 
i vtire animal. 

1 1 In the second division of his subject, the author demonstrated by 
speoimens that just as a sedimentary pearl closely resembles the sedi- 
mentary concretioDS met with in the mineral as well as in the animal 
worlds BO in like manner the orystallins form of pearl has its exact 
oauntevpart not alone ii. oiganic cholesterin gall-stones and caibonate 
of lime oalouli, but in mineral nodules of wavellite rook and balls of 
iron pyrites. 

As regards the nuclei of orystalline pearls, it was shown that in 
most instances they are identical with those met with in the sedi- 
mentary variety of pearls, though sometimes no nucleus whatever is 
to ba met with even after prolonged search. Consequently, the author 
inchaas to bdlierathat orystalline pearls in some instances begin (as 
in the case, of natural as well as artifioiaUy prepared oalcnli of 
the oarbonate of lunot SS Baineyt showed), by the mere aggregation « 
and coalescence of mineral molecules. 

The aathor also called attention to Bronn’s statement that pearis 
hfiva often a tciystalline. nucleus, adducing evidence in favour of the 

• IffiUar’i « krohir,* 18&6, p. 490. 

t 'lliaircnnistionotBoBesiidShsUStruot«rM,*ia58,PP- UrlSkMid85. 
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view ihafc Ae ao-oelled cryitalliBe undene ie in manj dteM but tbe 
oentrev and therefore really an integral part of the pearFs oryetal* 
line stmotnre ; while, agam, in other instances, the appearanoe is due 
to the seotion having been carried a little on one side of the pearl's 
oeutre, and a consequent cutting across of some of the hexagonal 
haaaltio-like prisms, producing in the centre of the pearl a tess^ted 
orystelliue appearanoe. 

Bronn furiher asserts that in the centre of pearls are oooasionidly 
found cells containing oalospar, which has arrived there by a process 
of infiltration from without. Thia appearance, the author thought, 
oould be better explained on other grounds, and he exhibited the 
mtoroseopio seotion of an oxalate of lime human urinary oalculus with 
a orystalline centre, surrounded by a sedimentary sone exactly as is 
seen in some pearls, but where no idea of infiltration oould possibly be 
entertained. 

A good section of a orystalline pearl, while showing basaltio-like 
prisms radiating from the centre to the cix’cumferenoe, equally well 
shows that it, too, like the sedimentaxy variety, is formed in oonoentrio 
layers of stratification. In thia respeot it not only bears a marked 
similarity to the carbonate of lime concretions formed artificially in 
gum-water, but an equal analogy to the sulphate of baryta stalaotitea 
found in the oaves of Derbyshire, where, of course, it is impossible to 
attribute the simotural arrangement of their mineral matters to the 
inflnenoe of vital energy. 

Miorosoopio sections of orystalline pearls not al<Kie convey the 
idea that the prisms branch and interlace with each other, but that 
they are in some instanoes of a fusiform shape, like the so*oalled 
fusiform cells Carpenter desoribed in shell structures; but these 
appearances, as the author demonstrated, are simply due to the 
s^ion having out the prisms aorosa at different angles* Moreover, 
the prisms are striated, but this striation, as well as the feathery 
fjDond-like appearance some of them present, does not, he thinks, 
exist in the mineral mattor, but in the animal membrane whieh 
surrounds each individual prism, and which, as he previonily 
showed, is an integral part of the pearl, amounting to 6*M per oent. 
of its total weight* The featber-like appearanoe, he fSanoies, is 
merely due to a wrinkling of the dried animid matter. It was farther 
pointed out that each indiridusl prism is made up d a nnmber of 
bridtdike segments. Some with a high power appearing striated <&), 
others gnannlar^Ca) with knob-like bodies at their comers, and tnb^ 
like lines near their layers of atratiifieatio&. 

The dieeutsion of the arrangement of the animal matter is deferred 
until after the mineral straoture of hybrid^ so-called ooooi^nut^ and 
fosril pearls has been considered. 

e "TlwChemisaiOempoiilimdJP«a>l«,'**Bey.8oeinraa,*mLti^'P^ 



OBITUARY NOTiCiiS OP FELLOWS DECEASED. 

Dr. Parkinson was born in 1823 near Keigblej, iu Yorkshii'e, and 
died in 1889 at his residence in Cambridge. 

His father died when he was a boy, and left to the widow the diffi- 
onlt task of bringing up a laigo family on a very narrow income. 
Coming np to Cambridge in October, 1841, he began his college life 
with an examination for a sixarship. One of his competitors, who 
sat just in front of him at this examination, still remembers with 
wonder how he finished his papers long befoi*e the others, and how ho 
sat at his ease with his back against the wall for a long time. The 
snccess with which ho thus began his college life was duo to his 
own energy and talent, for as a boy he had but limited opportunities 
for study, and the same energy carried him on sucoossfully through- 
out his life. 

As a lad without independent means, it was necessary for him to 
succeed, and acooz'diugly he prepared to do his best at the final 
University examination. Ho had most formidable competitors, and 
the contest therefore excited considerable interest at the time. It 
was a very different thing from his first skirmish for tin* sizarship, 
and it was only after a hard fight that the Johnian was declared to 
bo the Senior Wrangler. The scene is described in a lively manner 
by a contemporary, an American who resided for five years in an 
English University. Such descriptions aro outside the object of the 
present memoir, but it helps us to understand the skill of the com- 
petitors to leam that the Senior Wrangler did more than two- thirds 
of tho problems set in all the three problem papers. Such at least 
was the current report of tho day. 

The Smith’s Prize examination was at that time so arrangcii that 
the element of speed did not enter into it to the same extent as into 
the Tripos* The subjects of examination were in general beyond the 
reach of ordinary undergraduates. Here the places were rever^ed, 
and Parkinson stood second in tho list. The contest, however, was 
well sustained, for in one paper the two first oompetitoi-s obtained 
respectively 63 and 55 per cent, of the marks. 

As soon as ho had taken his degree he devoted himself to an acade- 
mical life. He had begun to take pupils even before his degree, and 
now continued to do so with great success. Three of his pupils, vis., 
Besant, Sprague, and Finch, were the Senior Wranglers in the yeax*s 
1850, 1853, and 1857 ; another pupil, the Right Hon. L. H. Courtney, 
M.P., now Choiiinon of Committees and Deputy Speaker, was second in 
1855. In 1864 he was appointed to be College Tutor. It was here he 
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found his real vooation in life, and worked at it until 1882. He looked 
after his pupils in a business-like way, with mingled firmness and 
kindness, and they reciprocated by giving him their confidence. 
Some of them have afterwards described how kindly ho had assisted 
them with means, and by his influence started them successfully on 
tlieir jouimey through life. His romembrance of his pupils did not 
come to an end when they had passed from his core, but he and they 
I'omained ever mutual friends. In this way he became well known 
outside the University, his name and influence attracting many 
students to his College. When ho married in 1871, he expected, as 
the custom then was, that he would lose both his fellowship and 
tutorship. But tbo College would not part witli so valuable a 
tutor. The Master and Seniors requested him to continue in his 
cilice of tutor though residing in his own house. This was a compli- 
ment of which he was justly proud. He continued to act as tutor for 
eleven more years, and was then elected a second time to a fellowship 
in his College. Ho, however, did not retain the dividends of this 
ofilce, but of his own free will gave them up to the College. Later on 
he gave £500 for the Church at Walworth, as this is the College mis- 
sion belonging to St. John's, not the only gift of his to this district. 

Dr. Parkinson took his B.D. degp^ in 1855, and became Doctor 
of Divinity in 1869. He acted as curate shortly after his degree in a 
neighbouring village, but the pressure of his other duties prevented 
him from taking much more active work. He was on the Commis- 
sion of the Peace for the borough for several years. He was elected 
a Member of the Cambridge Philosophical Society in 1845, a Member 
of the Royal Astronomical Society in 1853, and a Fellow of the 
Royal Society in 1870. Ho married Miss Whateley, of Edgbaston 
Hall, in 1871. 

Dr. Parkinson was not a writer of many books. His treatisea on 
Elementary* Mechanics and on Optics were published while engaged 
in tnition. They do not contain any novelties, but were written 
because experience had shown him that students had found difficulties 
in these subjects, which he thought ho could remove. Their com- 
mercial success is therefore a good test of their oxoellenoe, and of this 
there can be no donht. They came into general nse in the University, 
and for several years they were very generally read. They each 
passed thiongh several editions. They have, however, now been 
anperseded by newer books with methods more adapted to the wants 
of the present day. 

Dr. Parkinson took a prominent part in University affiitrs. He 
was Examiner for the Vftthematical Tripos in 1849,' and Moderator 
in 1862. He eerved as Senior Proctor in 1864. He was a Member 
of many syndicates appointed to consider weighty questions as they 
arose. For example, he served on the important indicate which 
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in 1867 enlarged the scope of the Mathematical Tripos. For three 
saoceasive periods of four years each, beginning in 1866, ho was 
elected a Member of the Council of the Senate, his popularity in 
the University being shown by tho large majorities by which he 
headed the poll at each of his two re-elections. Ho was one of the 
first appointed Members of the General Board of Studios constituted 
by tho Statutes of 1882. He was also elected by the Colleges in 
common’* in 1882, and on the expiration of his period of service 
again in 1886 us one of their first representatives on the Financial 
Board of the University. He was a Member, and for the most part 
Chairman, of tho Board of Examination from its establishment in 
1873 till within a few months of hia death, when failing health com- 
pelled him to resign this and other oflices, tho duties of winch ho felt 
himself no longer able to discharge. 

In his public capacity his wise and prudent counsels, his able 
administration and management, his thoronghuess and directness of 
purpose, were universally recognised. In his private capacity a wide 
circle of frioiids will long mnember his genial heartiness, his con- 
stant and kindly thougliifuluess. E. J . R. 
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